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Many of the common epidemic diseases are known to occur in subclinical or 
abortive forms. In some of them the occurrence of such forms can be established 
by specific bacteriological or serological tests. In other diseases subclinical in- 
fections arc likely in view of clinical or epidemiological observations. 

There is nothing to suggest that epidemic hepatitis (H. E.) is exceptional in 
this respect, though the lack of specific tests — for general use, at least — leaves 
us comparatively ignorant of any abortive form. 

Clinically, one may differentiate between two types of H. E. — icteric and 
anicteric. The diagnosis is based on the clinical symptoms, in conjunction w’ith 
sliver-functiom) tests. None of these latter tests is specific for H. E., and many of 
them not even for inflammatory liver diseases. However, diagnosis of icteric cases 
is not difficidt during epidemics. Anicteric cases, on the other hand, are often more 
difficult to identify. To some extent at least, this accounts for the fact that the fre- 
quency of anicteric cases reported for various epidemics varies between such wide 
limits as 9 — 89 % (10, 17). Common to both these t)q>cs of H. E. is that individual 
cases exhibit certain subjective as well as objective clinical s 3 'mptoms, which may 
serve as guide for both the patient and the physician. 

It is the absence of characteristic symptoms that distinguishes the abortive 
forms. Perhaps more important still is the fact that the patient usually does not 
feel really ill. If abortive H. E. really occurs, it must therefore bo sought among^ 
the »healthy)> section of an epidemic communit 3 ^ Hespite the enormous literature 
dealing with H. E., these Dhealthyi) persons have remarkably seldom been tlie sub- 
ject of systematic investigation as regards the occurrence of abortive cases. 

Gowen (G) has shown that among apparently healthy individuals in an epidemic 
community there are some with slightly increased bilirubin in the serum. Pollock 
(14) describes a series of 17 children from a nursery where hepatitis had been 
endemic for some time. During an observation period of three months he was able 
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Antlior’s Investigations."’'"* 

At the end of 1940 and beginning of 1950, several cases of clinically typical H. E. 
occurred among the staff of a bakery. In addition, there were both icteric and anic- 
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Fig. 1, The course of the epidemic. Time of onset of symptoms is marked for the clinical cases. 


teric cases among the employees’ families,' etc. However, the investigation was 
confined to the bakery personel, which comprised 41 persons to begin with. Alto- 
gether 7 of these became ill, G with jaundice and 1 without. The epidemiological 
findings showed that it was a question of contact infection — sec Fig. 1. In no cases 
were the clinical symptoms severe; in most cases they were mild. 

An investigation lasting more than two months was started on the Gth of March 
1950, in an endeavour to find out whether abortive cases occurred. 2 of the 7 cases 
with clinically manifest H. E. developed during this period, so the epidemic was 
still in progre.ss. The number of »healthy» working individuals was 34 27 men and 

7 women — aged from 15 to G8 years. These 34 ohealthyi) persons were the subject 
of the investigation. Because of the local conditions, a thorough clinical examina- 
tion was undertaken only when there seemed to be especially good reason for it. 
All 34 were interviewed on the occasion of each examination as to their 
condition, with special reference to subjective symptoms suspect for H. E. An 
account of the laboratory technique is given in Table 1. 


Discussion of the Iiahoratory Methods. 

When the.se laboratory methods are applied to H. E. it is seen that there is a 
certain correlation between the degree of severity of the clinical picture o e isea 
and the extent of the pathological chemical disturbances — though not witdo 
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exceptions. It could therefore be expected that the biochemical disturbances ■w’ould 
be small in possible abortive cases, and therefore difficult to distinguish from tech- 
nical errors. In order to avoid these sources of error as far ns possible, all serum 
samples ■were taken in the morning on an empty stomach, and the urine tests were 
made on the morning urine. AH analyses "n’ere carried out the same day, and by the 
same assistant. The whole series of cases -was examined on at least three different 
occasions during the period of observation. 


It is obvious that in such an investigation as this the empliasis will be laid on the 
laboratory results and the interpretation of them. The following considerations have 
been taken as a guide in this connection. As already pointed out, there arc no 
specific laboratory^ tests for H. E,; but certain combinations of chemical disturb- 
ances may be said to be characteristic of the disease. These disturbances are 
bable to large variations, as regards the stage of the disea.se at wliicli they occur 
the duration (14, 19), and the magnitude. A single chemical finding may therefore 
be very difficult to interpret, or it may even be impossible to conclude anvtliing. 
This IS particularly so when tJie finding cannot be related to clinical symptoms 

withtl'^ Sr confronted 

nith the problem of what is normal or otherwise in the individual case. There are 

mnTrr'''’ norma limits based on tlio results of oxaniinations of a hZ 

has to spread of the normal figuiL 

has to be taken into account in the statistical treatment of results and for this 

msoii no diagnostic conclusions can be drawn where the dh^.eC is 4 
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possible to obtain information about the individual normal value ebt. . . 1 , 
commencement of the investigation or at the end. Every deviation frnftV 
must have its cause. From the point of view of the diasnosir h ' 

tance vrhether this de%dation attains or exceeds thellr l ! 
its. It seems possible to make the method more sensitive in E way! 
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Fig. 2 . formal case (group A). Commonly Fig. 3 . Clinical hepatitis vith 
accepted upper normal limits marked irith jaundice, 

dotted lines. 


As regards the diagnosis of abortive cases, the above considerations are of special 
importance in assessing the results of thymol and zinc sulphate turbidity tests. 
This point is illustrated by a clinically typical, icteric case from the epidemic pre- 
viously mentioned (fig. 3). The patient was subjectively healthy when the first 
tests were made. She became ill 4 days later with nausea, vomiting, slight catarrhal 
symptoms in the upper respiratory tract, and fever which soon abated. Liver pal- 
pable and somewhat tender. It will be seen from the diagram that the thymol curve 
does not attain the accepted upper normal limit (dotted bne) (18). But in view 
of the low initial and final values, the intermediate values must be considered clearly 
pathological for this patient, though themselves low. The diagram also illustrates 
the diagnostic advantage of several different laboratory tests. 


Results. 

Two persons developed H. E. with jaundice during the period of observation. 
Among the remaining »healthy)> individuals, neither the history nor the clinica 
examination — where such was carried out — provided any sure evidence of mu 
H. E. All of them considered themselves healthy and fit for work. 
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Thus the laboratory results arc the sole basis for classificatron of the ease ma- 
terial. This may be divided into three groups; 

■V. 2d eases. All analytical results imormah), and, as rcgard.s the quanti a n o . . , 
no si<^nificant clianges between the different examinations. (Lxample, 

In 19 eases urobilin was found in the urine on one single occasion, but no importance 

has been attached to this. 
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Fip. -1. Fig. a. 


B. 5 eases. This group includes all case.s with urobilinuria and nrobilinogonuria 
at two or more e.xaniination.s. On i.solatcd occasions, n .slight disturbance in one of 
the serum reactions was also noted. .Although the changes were pathological, they 
did not justify any definite conclusions. 

C. 6 ca.<:cs (Fig.s. 4 — 8). The qualitative urine iimily.ses ami the cnrvo.s giving the 
results of the hlood-chomical annlyse.s indicate significant disturbances in at le.asf 
three independent uliver fuiietionsn. 


Bisc.iissioii, 

These results thus show that among .'ll persons, npjiarcntly hcallhv ,nnd fit for 
work, but living in an opidoinic comiuiinity there were .9 wlio .showed iibnorimilities 
in the urine and blood ohonii.sfry, Tlie.se ahnorinnlit ies were of the same nature as 
those found in clinically established cases of H. K. Hut. as regards the quantitative 
methods, the changes arc less })ronom)rcd than tho.so u.suaify eonsidered .sitrnificant 
in laboratory diagnosis. Kovertlielc.s.s, in the antlior's opinion, as already mentioned, 
no valid objection to the diagno.sfic value of the results ran be made on this ba,<is. 

An aetiologicnl foundation for fhc.se changes may ronsonalily be expected. The 
siniple.st c.xplniiation is that a subclinienl nr abortive form of H, K. was jme.sent. 
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of other infectious diseases. The incidence of mild infections of the upper respiratory 
tract was noticeably high among the bakery staff. This was not at all surprising, 
in view of the time of year and widespread »colds» in the town. No less than 45 
of groups A and B had catarrhal symptoms at one or other of the examinations. 
Similar symptoms were observed in 3 of the 5 cases in group C. It therefore seems 
unlikely that the laboratory findings in group C could be explained by infections 


Normal 



Fig. 9. The whole scries of cases, including eases with clinical liopatitis, divided into different ago 

groups. 


of the upper respiratory tract. If that were so, the same chemical changes should 
have been found on a wider scale in groups A and B — i. e. group C would liave 
been larger. 

It seems most probable that the five persons in group C had H. E. without def- 
inite symptoms and physical signs — abortive H. E. In all probability they would 
not have been diagnosed without the above procedure. 


Clinical and Epidemiological Aspects of Abortive Hepatitis. 

In addition to the investigations referred to introductorily, work by Dralce ct al, 
(5) also supports the above vieiv. A large number of children in a boarding school 
where infectious hepatitis had long been endemic were examined twice, with one 
year s interval, with a skin test (8) developed by this research group. It was found 
that several of the children had different reactions on successive occasions, which, 
according to the theoretical basis of the test, indicated that they had acquired 
antibodies against the liepatitis virus. These children had not shown signs of illness 
m the intervening year, however, and it was therefore suggested that they mi"ht 
have had a suhclinical form of infectious hepatitis. 

It may seem remarkable that any form of hepatitis could manifest no clinical 
symptoms, as was the case with group C. Clinical experience shows Hint bodily 
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exertion aggravates the disease, a circumstance which has even been utilised 
nostically by Baker et al. in provocative exercise tests (2). It should be noted thfi 
in only one ofthe 5 abortive cases (S. K.) was the patient advised not to conti™! 

be no doubt about the diagnosis. The fact that the patient protested and thought 
It iinnecessary to stop working only confirms the lack of sufficiently alarming sub- 
jective symptoms in abortive cases. The other four continued working as usual 
the whole time, apparently without demonstrable disability. The mild clinical 
course of the illness was therefore not due to early treatment. 

As already mentioned, each worker was asked at each examination about suh- 
jectiye symptoms suspect as regards H. E. These questions yielded practically 
nothing. Any discomfort that had occurred was either quite irrelevant or so slight, 
brief and uncharacteristic that the most it allowed was a faint doubt about the 
aetiological background. In order to investigate this further, the histories of the 
five abortive cases were checked once more. The value of information obtained in 
this way is of course disputable, but it may have some significance in this connec- 
tion. 


Catarrh in upper respiratory tract 3 (S. K., H. J., E. L.) 

Dyspepsia 2 (S. K., D. H.) 

Tiredness ^ 2 (S. K., D. H.) 

»Nothing to speak ofii 1 (K. J.) 


Among the many symptoms of manifest H. E., catarrh in the bronchi and upper 
respiratory tract are fairly often observed, particularly in the prodromal stage (10). 
In another group of cases treated in this clinic, such symptoms were observed in 
6 % of the cases. Whether or not these symptoms are to he ascribed to the hepatitis 
virus has not yet been discussed as far as I know, but it appears to be generally 
assumed that such is the case. The high incidence of catarrh in groups A and B, 
which showed no chemical signs of H. E., suggest that the catarrhal symptoms 
among the abortive cases were not necessarily due to the hepatitis virus, hut 
rather that it was a question of the coincidence of two different diseases. 

Experience of clinically typical cases of H. E. shows that a secondary infection 
may considerably aggravate the primary disease, the hepatitis. When catarrhal 
symptoms are observed in H. E., it seems likely that they are attributable to 
an infection other than the hepatitis. They may rather he looked upon as evidence 
of a complicating disease which requires special treatment if such is posable. 1 
may be that the inconsistent results reported for the treatment of H. E. with 
antibiotics can to some extent be explained against the background of these con- 


siderations. . . 

Symptoms affecting the digestive tract were not noteworthy in any ^ 
from the fact that they were so mild and transient that in no case was much atten- 
tion paid to them. In case S. K., there was in addition a suspect tender region aho 

the liver. D. H. had diarrhoea twice. . , t iLo fnot that 

Case D. H. is of particular interest in that she felt tired. In spite of the fact 
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she was well aware of the investigation’s purpose, she did not say anything about 
this, because she thought that tiredness was quite irrelevaiit. At the end of the 
investigation, it "was found that she had in the meantime visited the out-patient 
department. Liver function tests were carried out there, and the results were 
much the same as those in the diagram for the third examination. It was of course 
impossible to draw any conclusions about the laboratory results from a single exam- 
illation, and the diagnosis made was neurasthenia. This accords with her sub- 
jective symptoms, but it throws no light on the actiological background. It is not 
at all improbable that this patient represents a tjqie of H. E. occurring in an 
epidemic community, which is not really unusual but commonly overlooked. 

Although the series is small, it is of interest to consider the incidence of the 
disease in the different age groups. Fig. 9 shows that both the manifest and abor- 
tive H. E. affected in particular the younger people in this epidemic. If the cases 
are divided into two categories at 40 )ts., there is a difference between the inci- 
dence of both forms together in the two categories of 37 i 14.7 %, which is sta- 
tistically probable, with P — 0.01. If only abortive cases are considered, the 
corresponding figure is 24 dz 12 %, P = 0.05. (P denotes the probability that the 
difference in question may be due to random variations.) Since the investigation 
of abortive cases only dealt with the latest third of the supposed total length of 
the epidemic, it is conceivable that abortive cases had occurred at an earlier stage, 
but had recovered, and therefore remained undetected. The above calculations 
suggest, however, that if such were the case, it would not change the age distribu- 
tion to any great extent. 

It is a well known fact that H. E. morbidity is usually greater in the younger age 
groups. Exceptions to this rule have been observed, where the sickness rate among 
older persons has been high, and often associated with a higher mortality, espe- 
cially among women. The discrepancy is sometimes so marked that it has even 
been suggested that an altogether different form of the disease may be involved 
(1, 11, 15, 16). A certain correlation has been noticed between the length of an 
epidemic and the high morbidity among older persons (15). 

There are of course many factors which contribute to the duration of an epi- 
demic. Besides variations in the virulence of the infecting agent etc., another 
important factor is the degree of immunity in the group affected. It is generally 
true that an epidemic becomes much more widespread in all age groups when it 
affects a population not previously iii contact with it. H. E. appears to bo no excep- 
tion hi this respect, and there are circumstances which favour such an explanation 
of epidemics with exceptional age incidence (16). 

H. E. has been a common disease in this district for decades. The age distribu- 
tion in the small epidemic considered here is natural under such circumstances. 
Furthermore, in view of clinical experience that H. E. is usually milder in yommer 

persons, it is not surprising tliat abortive cases are most common in this a«e 
group. 


Earlier mvestigations of the age distribution in hepatitis epidemics Imve been 
based on clinically manifest cases. Nothing was known about abortive ca.ses in. 
is respect. The results of the present investigation indicate that, where a lower 
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morbi^ty is obse^ed among older persons, this is real, not apparent, and depends 
a bigber incidence of undiagnosed abortive cases among older people ^This 
conclusion assumes, of course, that the biochemical reaction to the disease does not 
change vith increasing age. The author has not been able to find anything vhich 
suggests such a change, neither in the literature nor in experience derived from the 
laboratory technique used in this investigation. 

Thus everything suggests that in districts where H. E. has occurred frequently, 
susceptibility to the disease is smaller in the higher age groups. The most ohviom 
e^lanation of this is that there is under such conditions a fairly widespread immu- 
nity as a result of previous affection by the disease. Among the 29 healthy person! 
in the present series, there were only 2 — their ages 19 and 40 — who had previous!} 
had an icteric disorder with symptoms anamnestically like those of H. E., thougl 
not associated with any known source of infection (see Pig. 9). How the otheri 
had acquired their resistance is not clear. It seems that many of them mighi 
unknowingly have had an abortive form of H. E. when younger, which had rendered 
them to some extent immune. There has been no lack of opportunities for this. 
If the proportion of abortive to manifest cases observed in the present investigation 
is in any way representative, it is obmous that the abortive form may be remarkably 
common, which provides further support for the hypothesis advanced. 

The lack of specific diagnostic methods may make the diagnosis of hepatitis 
difficult from the aetiological point of view. In the individual case, it may be 
impossible to distinguish with any certainty between H. E,, homologous serum 


hepatitis (and asporadio hepatitiss) solely on the basis of the clinical symptoms and 
the liver-fimction tests known hitherto. Information gained from the history about 
possible sources of infection may be of very great value in such circumstances. 
A non-selected group of 100 patients who were treated at the cbnic for »acute in- 
fectious hepatitiso were interviewed on this point, not only when they entered hos- 
pital but also after they had left. 55 % were able to recall some possible source of 
infection, either in the form of other cases in the family or more generally because 
they had been in districts where H. E. was known to oceur. In 19 % of the cases 
there was possibly a question of homologous serum hepatitis. In the remaining 
cases, 26 %, neither of these possibilities were present. In this connection, it maybe 
pointed out that abortive cases might be completely untraceable spreaders of 
infection. The importance of a thorough case history, and perhaps to an even greater 
extent, of up-to-date information on relevant epidemics, is evident here. These latter 
comments are perhaps worth the consideration of blood-donor organisations, whose 
donors belong to the age groups where abortive cases seem to be most common. 

Nothing is known about the prognosis of abortive H. E., of course. It is likely 
to heal without residue. But it is known that H. E. may be transformed to a chron- 
ic form, with a cbnically inapparent intermediate stage of long duration c . 
Bloomfield (10). It is therefore impossible to disregard H. E. m the aetiology o 
liver cirrhosis merely on the grounds of a negative history regar g pie 
affection by H. E. Information that the patient has at some time or other '’e^n in 
epidemic surroundings is sufficient to imply that this possibi t} mus 
into consideration. 
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Summary. 

^ Oh. analog}’' ■with epidemic diseases in general, it is assumed that epidemic 
hepatitis (H. E.) may also occur in abortive forms. Certain previous investigations 
indicate that such is the case. 

The absence of distinctive clinical symptoms and of specific tests for H. E. make 
the diagnosis of abortive H. E. difficult, so that it is necessary to rely on laboratory 
methods. The laboratory technique used (Table 1) is discussed, and the importance 
of repeated examinations over a fairly long period of observation is stressed. The 
method thus becomes more sensitive, and even small changes in the blood chem- 
istry can then be assigned diagno.stic significance. 

Chemical changes were observed in 5 out of 34 apparently liealthy persons in 
epidemic surroundings. These changes were of the same t}q)e as arc observed in 
H. E. The aetiology is discussed, and the most probable explanation seems to be 
that abortive H. E. was present. 

The subjective symptoms exhibited by the abortive cases were particularly 
insignificant and uncharacteristic, and of no diagnostic value. Slight nasal catarrh 
was observed in three cases. There is reason to suppose that these were due to 
accidental coincidence of two different diseases. The significance of this is dis- 
cussed. 

The limited case material available suggests that abortive cases may be rela- 
tively common in an epidemic environment. It is statistical!}^ probable that this 
form of the disease is more common at ages less than 40. This fact is discussed from 
immunological and cpidcmological points of view. The part played by abortive 
cases as uncontrollable spreaders of infection is obvious — a circumstance which 
is worthy the attention of blood-donor organisations, TJie importance of up-to-date 
knowledge of the cpidcmological situation is stressed. 
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Tlie Cytology of the Bone Marrow in Pernicious Ai]a3mia 
with jS^ornial Haenioglohin Level. 

Glossitis and Subacute Combined Dcgenei-ntion of tlie Spinal Cord 
duo to Deficiency of tlie Aiiti-Peruicious-Anseniia Principle.* 

By 

POUL BASTRDP-HADSEN.’ 

{Submitted for publication July IG, 1953.) 


This paper is a report on a series of patients with chronic glossitis and/or sub- 
acute combined degeneration of tlic spinal cord, but with normal hrcmoglobin 
levels. It is the purpose of tin's study to present evidence sliowing tlmt sucli eases 
may be due to deficiency of the anti-pcrnicions-anmmia factor, and that this tyire 
of pernicious ana3mia is often allowed to pass unrecognized. It is shown that oven 
though the hajmoglobin level is normal, signs of pernicious anmmia may be present 
in the peripheral blood; and, in particular, the importance of bone-marrow ex- 
aminations in such cases is emphasized. 

Both glossitis and subacute combined degeneration of tlic spinal cord may be 
very conspicuous and troublesome manife-stations in pernicious anaemia. It is often 
emphasized in the standard textbooks that botli glossitis and neurological symp- 
toms may occur very early in tlic disease at a time wlien tlicre is little or no 
anaemia (Whitby and Britton, Wintrobe). However, it is difficult, wlien the limmo- 
globin level is normal, to definitely cstablisli that cases of glossitis or subaoiito 
combined degeneration of the cord are due to deficiency of tlio nnti-peniicions- 
anaemia factor, whicli in turn entails some nneertninty ns to whether nnti-perni- 
cious-anaemia treatment should be instituted. 

If the manifestations mentioned were mcrelj’’ precursors of pernicious anwinia, 
the safest course would be to await manifest blood changes before specific therapy 
is instituted. However, in some cases both glossitis and neurological symptoms 

> Aided by grants from tbc King Cliristinn llin Tcntli Foniulntioii. 

Present address: Anrlius Amtssygohiis, Aarhus, Denmark. 
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may persist for several years (in the present series up to 15 years) without tI,o 
derjlopxnent of a frank pernicious anaemia. In such cases it would he of ^ f 
evidence were available suggesting that the condition was due to deficiency 
the anti-pernicious-amemia factor in spite of a normal haemoglobin level. In the 
cases reported below slight changes in the peripheral blood were certainly present 
but they were so inconspicuous that a definite diagnosis of pernicious anemia 
could not be made. However, in spite of a normocytic erythropoiesis bone-marrow 
examinations revealed the presence of upernicious-anaimia neutrophils», which was 
suggestive of deficiency of the anti-pernicious-anaemia factor. Judging from the 
literature, it seems as if sufficient attention has not been paid to the fact that 
perniciosiform maturation disturbances may occur as an isolated phenomenon in 
the granulopoiesis,, thus feuggesting that a .glo^sitismr subacute cdmhihed,degenera- 
tion with normal haemoglobin ley^l may^be attributable to' deficiency of the anti- 
pernicious-anmmia factor. 


Methods. . , , , ■ 

The Jicemoglobin cUierminations were made with a photo-electric heemoglohino- 
meter in six cases and with Sicca ’s haimoglohinometer in two cases. The hsemo- 
glohinometers were standardized so that 100 % was equivalent to a haemoglobin 
content of 14.8 grammes per 100 ml of blood. Enumerations of erythrocijtes were 
carried out in the Biirger-Turck counting chamber. All determinations were made 
in duplicate or in quadruplicate. The hsemoglohin content of the erythrocytes was 
expressed by .the colour index calculated as follows; 

Hmmoglobin percentage 
Erythroc)d;es X 21 

The bone marrow was studied in smears stained by the May-Griinwald-Giemsa 
method. In every sample, the content of pernicious-ansemia cells was estimated 
by counting 500 cells both from the red cell and the neutrophil series. 

Gastric secretion was studied after histamine stimulation in seven casds and 
after insulin stimulation in one case. Only cases showing achlorhj'dria iVere^ in- 
cluded, as it must be regarded as uncertain whether cases of essential pernicious 

anaemia may have acid secretion. • -u n 

Gastric biopsy as proposed by Doig et al. was not performed. However, it should 
be mentioned that in fragments of gastric mucosa secured through a gastroscope 
these authors demonstrated the same histological changes as are seen in pernicious 
anmmia in patients with neurological symptoms hut without significant haimato- 
ogical signs of this disease. 


Report of Cases. 

Case LA woman (M. H. 384/50), aged 61, had for the last 12 
parasthesi® of the hands and feet and a sensation of numbness 

on both sides. During the same period she had also suffered from intense pam and bur g 

in the tongue and oral mucosa. -if-, the anales 

Physical examination. The tongue was red and smooth; there were fis g 

of the mouth. 
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'JUK liuNK MAUnoW IN PKUN3CIOUP AKiEMIA. 

The finger-nose test revealed distinct ataxia of the upper extremities; the deep reflexes 
^yere hyperactive. The knee-heel test showed ataxia of the lower extremities; the ankle 
and knee jerks wore weak; Babinski’s phenomenon was absent. The gait was slightly 

^^^Lahomory findings. The spinal fluid showed 1 cell per cu.mm, normal protein content 
(Bisgaarcl 10), and a negative Bandy reaction. The Wassermann reaction in blood and 
spinal fluid was negative. Histamine-fast achlorhydria was demonstrated. 

Blood examination showed hocmoglobin 85 % (12. c g), erythrocytes 3,580,000, colour 
index Us, leucocytes G,300, normal smear, reticulocytes 5 per thousand. 

The bone marrow revealed a normocytic crythropoiesis. In the granulojioiesis some 
large promyelocytes and myelocytes with irregular, often lobulated nuclei were observed. 
The megakaryocytes were normal. 

Treatment and eourse. Intramuscular injections of liver extract (Hepsol MCO) were 
given, 5 ml ever)’’ other day for three days, followed by 5 ml every fortnight. Following 
the treatment a slight increase in the hsomoglobin level and a marked increase in the 
erythrocyte count were observed, and the colour index became normal. Three weeks 
after the' institution of liver therapy the values were; hfcmoglobin 92 % (13.0 g), erythro- 
c}d;cs 4,580,000, colour index O.OG. The symptoms from the oral mucosa were also con- 
siderably improved. The tingling and numbness in the extremities remained unchanged, 
whereas the general condition improved. 

A blood examination one year later (when the patient had been without anti-pernicious- 
ana?mia treatment for two months) showed hrenioglobin 97 % (14.1 g), erythrocytes 
4,530,000, colour inde.x I. 02 , leucoc 3 ’tcs 5,200, normal smear. The bone marrow showed 
some large myelocytes with irregular nuclei; there were also a few tyj)icnl giant stab cells. 
The crythropoiesis was normocytic, and the megakaryocytes were normal. The pa- 
tient complained of intense pain in the tongue; after resumption of liver therapy this 
.symptom abated and the bone marrow returned to normal. 

Two years after the institution of the treatment the condition was unchanged. Blood 
and bone-marrow examinations showed normal values. 


Case 2. A woman (M. H. 1872/51), aged 68, liad for six months .suffered from fatigue, 
lassitude, and pain and burning in the tongue. She had consulted a laryngologist, who 
had painted the tongue with a silver-nitrate solution without any beneficial effect. In- 
jections of nicotinic acid had also proved ineffective. 

Physical examination. Nothing abnormal was noted. The colour of the tongue was nor- 
mal. The neurological examination was also non-contributory. 

Laboratory findings. Histamine-fast achlorhydria was dcmon.strated. Blood examina- 
tion showed haemoglobin 87 % (12.9 g), erythrocytes 3,800,000, colour index l.io, leuco- 
cytes 7,500, normal smear. The bone marrow showed normocytic crythropoiesis. In 7 % 
of the cells of the myeloid series slight pcrniciosiform maturation disturbances in the 
form of giant metamyelocytes and giant stab cells were observed. 

Treatment and conrse. Intramuscular injections of vitamin Bj^, O.ioo mg twice weekly, 
uere given for a fortnight. At the end of the course the pain in the tongue had disn])pearcd 
and the fatigue had abated, resultingin an improvement of the general health. The bone 
marrow now showed normal conditions; hemoglobin 89 % (13.2 g), erythrocytes 4,230,000, 
colour inde.x l.oo. A maintenance course of O.o.’io mg of vitamin B,. once wccklv was 
instituted. At a follow-up examination .six months later there was no return of liimnnl 
symptoms. ® 


Case 3. A woman (M. H. 517/52), aged 42, had for 15 years suffered from pain and 
burning in the tongue. Ihc pain had varied in intensity, but had often been very trouble- 

wrnb!.ent hncf periods (a couple of days at a time) had the lingual symptoms 

been absent. During the last three months prior to ndmi.ssion the iiain in the tomme 
had been constantly present and more troublesome than ever before. 

2 moOGS. Actamed. Scandinai). Val.CXLVUI. 
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For 15 years she had also suffered from numbness in the tips of the finaers i 
and the soles of the feet, excessive sensitiveness of the lateral side of the^isht 
tmghng of both lower extremities, right from the croins to the tine fi, + 
the period she h.a felt o eekafo we. ^0^ leg. SeZl 
sometimes her gait had been a little unsteady. " aiding, and 

Physical examination. The tongue had a flame-like appearance, with alternatinc red 
and grey areas. There was some papillaiy atrophy alternating red 

extremities were normal. The knee and ankle jerks were 
absent, the plantar reflexes w'cre normal. There was a tendency to sway in the Hombere 
test. The lower e^remities were slightly hypotonic, but muscular power was normal 
J-Ue gait was a little cautious but otherwise normal. 

Lab^atory findings. The spinal fluid showed 2 cells per cu.mm, normal protein con- 
tent (Bisgaard 10), and a negative Pandy reaction. The IVassermann reaction in blood 
and spinal fluid was negative. Histamine-fast achlorhydria was demonstrated. 

Blood examination showed hemoglobin 89 % (13.2 g), erythrocytes 3,480,000, colour 
index I.22, leucocytes 4,900, normal smear, reticulocytes 10 per thousand, thrombocides 
200,000, serum iron O.232 mg%. 

The bone marrow revealed a mainly normocytic erythropoiesis, yet with a few inter- 
mediate megaloblasts. In the granulopoiesis there were pronounced maturation disturb- 
ances in the form of giant metamyelocytes, giant stab cells and macropolycytes. The 
megakaryocytes were normal. 

Treatment and course. Intramuscular injections of potent liver extract (Hepsol Fortior 
MCO), 5 ml, and vitamin Bj., 0.04S mg, were given daily for three days, followed by oral 
administration of desiccated hog’s stomach (Pylorin MCO, 5 g daily) and intramuscular 
injections of Hepsol Fortior, 5 ml, twice a week. Three days after the institution of treat- 
ment the pain in the tongue diminished, and after a week it had completely disappeared. 
The sense of taste was normal, and the patient could eat all sorts of food without dis- 
comfort. 

After anti-pernicious-ansemia treatment for three weeks the tongue appeared com- 
pletely normal; there was no papillary atrophy. The abnormal sensations in the ex- 
tremities were still pronounced and troublesome. At a neurological examination then 
performed the condition was quite unchanged in that respect. Blood examination showed 
hemoglobin 87 % (12.9 g), erythrocytes 3,870,000, colour index l.or, leucocytes 4,280, 
normal smear. The bone marrow was perfectly normal with normocytic erythropoiesis 
and normal granulopoiesis without perniciosiform maturation disturbances. At a follow- 
up examination three months later the patient was still free from lingual symptoms and 
there were no signs of glossitis; the neurological manifestation was unchanged. Blood 
examination shoived hmmoglobin 87 % (12.9), erythrocytes 4,470,000, colour index O.os, 
the bone marrow' picture had returned to normal. One year later the condition was un- 
changed. 

Case 4. A woman (M. H. 828/52), aged 71, was admitted to the hospital with a com- 
plaint of soreness of the tongue. U nUonlin 

At the age of 65 she had been admitted to the Department of Neurology for headache 

which had been attributed to hypertensive encephalopathy. Before ® ^ 

three years suffered from intense pain and burning in the tongue, which had o^en bee 
fiercely red. She had repeatedly consulted a laryngologist. Furthermore, for about two 

years she had had tingling of the fingers and toes. „.rTm:mHon 

Physical examination. The tongue was red and smooth. The neurological examination 

did not reveal any abnormalities. . , - . i wup cninal fluid 

Laboratory findings. Histamine-fast achlorhydria was Remonstrated The spinanium 

was normal. The Wassermann reaction in blood and _ pnimfr index 1 33 

pressure 200/105; hmmoglobin 92 % (13.c g), erythrocytes 3,300 000, cMoin 
volume index 1.57, leucocytes 6,300. The bone marrow revealed a mainly normocyt 
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crythropoiosis, yet witli a few intermediate megaloblasts. In tlie granulopoiesis there 
were distinct maturation disturbances in the form of giant metamyelocytes, giant stab 
cells and macropolycytes. The megakaryocjiies were normal. _ 

Treatment and course. The pain in the tongue disappeared during treatment with liver 
injections (Hepsol Fortior), and the parmsthesia; diminished. A slight increase in the 
reticulocytes (maximum 6 %) occurred. A blood examination on the 12th day of treat- 
ment showed haimoglobin 92 % (13. c g), erythrocytes 3,310,000, colour index l.ai, 

volume index l.i. _ i i • 

On discharge, maintenance liver therapy was instituted. One year later the patient 
was readmitted, this time for trigeminal neuralgia. On admission the blood findings were; 
Incmoglobin 90 % (13.3 g), erythrocytes 4,020,000, colour index 1.07. As anamiia had 
never lieen observed, liver therapy was discontinued. Two mouths later a bone-marrow 
examination revealed perniciosiform maturation disturbances in the granulopoiesis; the 
hfcmoglobin level was unchanged, but soreness of the tongue had returned. After re- 
sumption of liver therapy the lingual pain disappeared and the bone-marrow picture 
returned to normal. 

For the next year the patient received regular liver therapy and had no lingual dis- 
comfort. She was then again admitted to this hospital for trigeminal neuralgia. The tongue 
appeared normal. Blood examination showed hsemoglobin 95 % (14. o g), crythrocjdes 
4,500,000, colour index l.oo. Liver therapy was stopped for one month without any re- 
sulting change in the hremoglobin level, but sorcne.ss and redness of the tongue returned. 
These symptoms disappeared on resumption of liver thera])y. 

After that time liver therapy was given without interruption. Occasionally, soreness 
of the tongue developed but usuall)' disappeared again when the dose of liver extract 
was increased for some time. 

On the last admission to this hospital she had for three months had progressive pain 
and burning in the tongue although she had during this period received one weekly in- 
jection of purified liver extract (containing 50 U. S. P. units). 

Physical examination. The tongue was red and smooth, with marked redness of the oral 
and faucial mucosae. The neurological examination revealed ataxia in the finger-nose 
test and a positive Romberg sign. Blood examination showed hremoglobin 92 % (13.g g), 
erythrocytes 5,120,000, colour index O.oo. 

Treatment and course. The liver therapy was continued but in larger dosage than be- 
fore. The patient was given intramuscular injections of 50 units -f- vitamin Bjj, O.ioo 
mg, dailj' for three days. A week later the soreness and redness of the tongue had dis- 
appeared and the papillary atroph}' was less pronounced. 


Case 0. A woman (D. N. 93G9), aged 53, had shown achlorhydria 15 years ])reviou.sl3'. 
vShe had for periods suffered from hypochromic aiucmia, which had been treated with 
iron preparations with good effect in another hospital. For about two years she had had 
pain in the tongue and numbness and tingling of the legs and feet, and during the last 
six months she had complained of weakne.ss of the lower extremities with })ro"rcssivc 
unsteadiness of gait. 

Physical examination. The tongue was very red with jwpillarv atrojihy. 

There were moderately severe spastic paralysis and ataxia of the lower extremities, 
abolished sense of position, loss of vibration sen.se up to the iliac crests, and hypaisthesia 
gradually shading away on the abdomen. Knee jerks were weak and ankle jerks absent; 
ulateral Babmski s phenomenon was found. The patient was unable to walk unaided 

Laboratory findings. The spinal fluid showed 1 cell per cu.mm, jirotein content just 
at the upper normal limit (Bisgaard 25), and a positive Pandy reaction. The AVassermann 
Srlited ^ ^ iiogntivc. Histamine-fast achlorhydria was dem- 

^ I'fcmoglobiu 90 % (13.3 g), erythrocytes 3,800,000, colour 
inde.v 1.12, leucocytes 5,800, normal smear. j > > , 
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TUbone marrow revealed a slight shift to the left in the erythropoiesis with -ome 
large, basophilic normoblasts but no megaloblasts. In the graLlopLsis there were mSr 
pronounced maturati^ distmbances in the form of gialt SietLyelocytergian fab 
cells and macropolycytes. The megakaiyocytes were normal.- . ^ 

0 -f”? course The patient was given intramuscular mjections of vitamin B,, 

0. 015 mg daily for a fortnight, and at the same time walking and co-ordination exercises 
were instituted. During the anti-pernicious-an®mia treatment no increase in the reticulo- 

Pmn nnn ^ the end of the course the erythrocyte count had increased to 

4,2U0,0U0, nhereas the hamoglobm level was unchanged, 90 % (13.3 g), colour index 

1. ^. At that time there was no definite change in the neurological symptoms. 

Two months after the discharge we were informed that during the first three weeks 
at home the gait had been improved but then returned to the former state. However, the 
Hngual symptoms had completely disappeared. At that time the patient was still being 
given intramuscular injections of vitamin O.oia mg twice a "week. Two years later 
the condition was unchanged. 

Case 6. A woman (E. S., born June 17, 1878), aged 74, had suffered from diabetes 
mellitus for 20 years, for which she had received insulin. During the last ten years she 
had occasionally suffered from soreness of the tongue, which during the last year had 
become progressive worse and been accompanied by an almost constant sensation of 
burning in the tongue. During the last year she had also been troubled by progressive 
numbness and tingling in the bands and fingers, and manual clumsiness had been present 
for two months. Both the lingual and neurological sj’mptoms had previously been inter- 
preted as being due to the ^abetes. 

Physical examination. In some areas the tongue was devoid of papill®, but the colour 
was normal. 

The neurological examination re%-ealed loss of the finer co-ordination of the fingers. 
The knee jerks were absent, the plantar reflexes normal. 

Laboratory findings. There was achlorhydria after insulin stimulation. Blood examina- 
tion showed h®moglohin 100 % (14.8 g), erythrocytes 3,570,000, colour index 1.33, leuco- 
C 3 rtes 5,700, normal smear, thrombocytes 350,000. 

The bone marrow revealed a normocytic erythropoiesis; the megakaryocytes were nor- 
mal. In the granulopoiesis there were maturation disturbances in the form of giant meta- 
myelocytes and giant stab cells. 

Treatment and course. Intramuscular injections of vitamin Bu, O.oeo mg daily for 10 
days, followed by O.oeo mg every fortnight for 2 months. Thereafter vitamin Bn, O.020 
mg daily, -f- intrinsic factor (Bendogen GEA’) were given orally. 0 / 

After ten days the erythrocyte count had increased to 4,250,000, hemoglobin 100 /o 
(14.8 g), leucocytes 5,100, normal smear. The Hngual symptoms had disappeared hut the 

parffisthesiffi persisted. , , , , 

At an examination after 4 months’ treatment there were no papillary atrophy ot the 
tongue or other lingual symptoms. The paresthesi® had abated; slight numbness and 
tingling in the hands and fingers were present only on rare occasions There was no atoia 
of the fingers. Blood examination showed h®mogiobm 100 /o (14. s g), erythrocytes 
4,500,000, colour index l.ri, leucocytes 5,500. The bone marrow showed normal condi- 
tions. Twelve months after the institution of treatment the improvement was stiU mam- 
tained; h®moglohin 96 % (14.2 g) erjdhrocytcs 5,130,000. 

Case r. A woman (M. H. 21/53), aged 77, had for 2 years suffered from pain and 
burning in the tongue and numbness and tingling m ... 

Physical examination. The tongue was fiercely red with atrophic FP'”®, 
fissures at the angles of the mouth. The neurological examination did not rmeal any 

abnormalities. 

1 Simdogm was generously supplied by the GEA Medicinal Laboratories, Copenhagen. 
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Laboratory findings. Histamiiie-fast achlorhydria was demonstrated. The Wassermann 
reaction was negative. Hwinoglobin 90 % (13.3 g), erythrocytes 3,140,000, colour index 
1.3C, leucoc}dies 5,080, normal smear, thrombocytes 362,000. The bone marrow showed 
norraocytic erythropoies. , The granulopoiesis showed some maturation disturbances in 
the form of giant metamyelocytes and giant stab cells. 

Treatment and course. Intramuscular injections of liver extract (Hepsol Fortior MCO), 
5 ml every other day, were given for a fortnight. At the end of that period the lingual 
symptoms had disappeared, the tongue had a normal appearance, and the parffisthesiee 
had diminished. HaJinoglobin 88 % (13.o g), erythrocytes 4,180,000, colour index l.oo. 
A bone-marrow examination showed that the perniciosiform maturation disturbances in 
the granulopoiesis had almost disappeared. 

Case S. A man (D. N. 2723), aged 52, complained of parresthesifo and dyscesthesim 
effect and legs of three years’ duration and of progressive unsteadiness of gait. For one 
month he had had paraesthesieo of the left palm and difficulty in guiding both upper ex- 
tremities. 

Physical examination. There were a slight reduction in the muscular power of both 
hands and loss of finer co-ordination of the fingers. The abdominal reflexes were absent. 
Decreased tone of the lower extremities with weak knee jerks, absent ankle jerks, abolished 
sense of position and pronounced ataxia was observed. The plantar reflexes were normal. 
There were hypa;sthesia and hypalgcsia of feet and legs. The gait was ataxic, and the 
patient was unable to walk unsupported. 

Laboratory findings. The spinal fluid showed 0 cells per cu.mm, normal protein con- 
tent (Bisgaard 11), and a negative Bandy reaction. The AVassermann reaction in blood 
and spinal fluid was negative. Histamine-fast achlorhydria was demonstrated. 

Blood examination showed liajmoglobin 83 % (12.2 g), erythrocytes 3,240,000, colour 
index I.22, leucocytes 7,600, normal smear. 

The bone marrow revealed an intense crythropoicsis with many large, immature pre- 
cursors, mainly large, basophilic normoblasts but also a few intermediate megaloblasts. 
The granulopoiesis showed pronounced maturation disturbances in the form of giant 
metamyelocytes, giant stab cells and macropolycytes. The megakaryocytes Avere normal. 

Treatment and course. The patient was given a desiccated hog’s stomach preparation 
(E.xo-Pylorin lilCO, 10 g daily) and intramuscular injections of Hepsol Fortior, 5 ml 
every fifth da)'. Three weeks later the patient had only slight subjective discomforts. 
The gait had improved so much that ho was able to walk freely and almost without stag- 
gering. There Averc still abolished semse of position, AA’cak knee jerks, absent ankle jerks 
and hypaesthesia and hypalgesia of the legs, but the manual clumsiness and the decreased 
tone and ataxia of the loAver extremities had disappeared. The hcemoglobiu lerml had in- 
creased to 94 % (13.0 g), and the erythrocyte count to 4,370,000, colour index I.03. 

FIa'c years later Ave Avere informed by letter that the patient Avas completely free of 
subjective discomfort, and that he had constantly received anti-pernicious-auffimia treat- 
ment. 


Comments. 

It is a generally accepted augav that despite the presence of only slight harmato- 
logical changes pernicious anmmia may be accompanied by severe glossitis and/ 
or neuropathy. As, hoAvever, such cases are difficult of interpretation, the re- 
liability of the diagnoses made in the present series Avill be discussed beloAv. 

In all eight cases the clinical signs Avere suggestive of pernicious aiuemia. ScA'en 
of the patients had chronic glossitis; si.x of these had also subacute combined de- 
generation of the cord, and one had combined degeneration AA'ithout glossitis. In 
several of the patients a diagnosis of pernicious anmmia had previously been con- 
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sidered but had nevertheless been excluded because of the presence of normal 
hannoglobm values. The problems which are discussed below are whether glo sTti 
and neuropathy may be taken as expressions of a latent pernicious anmmia in sp 
of normal hemoglobin levels, and if this be so, what evidence can be adduced 
m support of a diagnosis of deficiency of the anti-pernicious-anacmia factor. 

Lingual symptoms. In the seven cases with chronic glossitis, the symptoms had 
persisted for comparatively long periods; in one patient for about six months 
in the others from 12 months to 15 years. The soreness of the tongue had varied 
in intensity, and in aU cases the condition had at intervals been very troublesome. 
Several of the patients had for long periods been treated by laryngologists without 
relief. 

On admission, all seven patients complained of pain and burning in the tongue. 
In five of them, physical examination revealed a fiercely red and smooth tongue. 
In one case, the tongue was deeply fissured and coated, but without redness or 
papillary atrophy, and in another the lingual mucosa appeared perfectly normal 
in spite of pronounced burning of the tongue. 

The lingual signs and symptoms improved after treatment for from 5 to 14 days. 
In five cases the symptoms disappeared completely, while some improvement was 
obtained in two. In four of the cases the patients were kept under observation for 
at least six months, and in these the improvement of the lingual symptoms was 
maintained by the continued therapy. 

The clinical response to the specific anti-pernicious-ansemia therapy is strongly 
in favour of the assumption that the glossitis was due to deficiency of the anti- 
pernicious-anaemia factor. 

Liver therayy was used in five cases and, in two of them, supplemented with 
desiccated hog’s stomach preparations. In two patients the lingual symptoms dis- 
appeared, and in a third some improvement was observed. That the symptoms 
did not disappear completely in the last of these cases does not weaken the as- 
sumption of their pathogenesis, since the glossitis of frank pernicious anaemia may 
be highly refractory to treatment. Cases are on record in which the glossitis of 
pernicious anaemia did not disappear until after additional treatment with panto- 
thenic acid, riboflavin, or folic acid (Brown). It is not clear whether such cases are 
due to an additional deficiency which has developed on account of the specific 
anti-pernicious-an£emia treatment, or whether a disturbance in the absorption of 
substances other than the anti-pernicious-amnmia factor may also sometimes be 
present in pernicious ansemia. In some cases of frank pernicious anmmia the lingual 
symptoms may not disappear until liver has been given in doses which are severe 
times larger than those necessary to obtain a satisfactory heematological response. 
In case 4 of the present series the lingual symptoms did not disappear until a very 
intensive anti-pernicious-ansemia treatment had been given. In comparative y rare 
cases, the deficiency of the anti-pernicious-ansemia factor may, perhaps, lead to 
irreparable changes in the tongue, just as is sometimes seen with the neurological 
comphcations. It might be conceived that the symptoms from the tongue encoun- 
tered in such cases are of neurogenic origin. i i j • 

In three of the cases reported here the symptoms disappeared completely during 
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parenteral treatment with pure vitamin B^, and in one case the improvement was 
maintained by oral therapy with vitamin + intrinsic factor (Bendogen GEA). 

Erom several cases of frank pernicious ansemia it is well established that the 
glossitis caused by deficiency of the anti-pernicious-ansemia factor may be due to 
lack of vitamin Bu. Schieve and Bundles have described a case similar to those 
reported herein, with a normal hajinoglobin level but with an increased colour 
index; »the bone marrow showed earl)’’ megaloblastic development)). Spies et al. 
and Youmans have reported cases of non-ansemic nutritional glossitis responding 
to vitamin Bu, but bone-marrow examinations were not mentioned in these cases. 

Neurological symptoms. In seven of the patients of the present series there were 
neurological symptoms similar to those encountered in pernicious anosmia. In all 
cases there were tj^ical sensory disturbances in the form of parossthesiEC and 
dysa?sthesice. Symptoms from the posterior columns were present in six cases, 
evidenced by manual clumsiness or more pronounced ataxia of the upper extremi- 
ties, or by ataxia of the lower extremities and, sometimes, by disturbances in the 
gait. In two of the cases there were also signs of pyramidal tract involvement in 
the form of Babinski’s toe phenomenon and spasticity. 

The symptoms had persisted for from 12 months to 15 years before the diagnosis 
was made, and before specific anti-pernicious-anoemia treatment was instituted. At 
that time the disease had led to complete disability in three of these cases, and in 
another two the patients were seriously troubled by the disturbed gait. 

Attempts were made to rule out other neurological lesions which might produce 
the same clinical picture, such as cerebrospinal S3’’philis, arteriosclerosis of the 
spinal cord, multiple sclerosis, and polyneuritis. vSpinal-fluid examinations per- 
formed in five of the cases did not reveal any abnormalities. 

In association with specific auti-pernicious-anromia treatment definite improve- 
ment occurred in four of the cases. In case 6 suffering from moderate neurological 
disturbances in the form of manual clumsiness and parresthesia) the signs and 
symptoms subsided after parenteral administration of vitamin Bi;, and 12 months 
later the improvement had been maintained bj'- oral therapy with Autamin Bj™ + 
intrinsic factor (Bendogen GEA). In case 8 there were severe neurological disturb- 
ances with pronounced unsteadiness of gait. The symptoms disappeared complete^ 
during treatment with desiccated hog’s stomach and liver extracts, and the symp- 
toms did not return during an observation period of five years, during which time 
the patient received first the above-mentioned drugs and later injections of vita- 
min Bij. In cases 4 and 7 the parresthesim diminished during the liver theraiiy. 

The anti-pernicious-ana;mia treatment did not result in any definite imjirove- 
ment of the neurological sj'mptoms in the remaining three cases, but, at least, the 
symptoms did not progress during the maintenance therapy. 

The improvement obtained in the aforementioned four cases must be attributed 
to the anti-pernicious-aiiffimia treatment, and is thus in favour of the assumption 
that the neurological symptoms were due to deficiency of the anti-pernicious- 
ansemia factor. No significance can be attached to the fact that no improvement 
was obtained in the remaining three cases, since degenerative changes of the cen- 
tral nervous system occurring in pernicious amcmia are considered to be irropa- 
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The ferifheral blood 

in 8 eases of glossitis and neuropathy ivith normal hsomoglobin levels and histamine « ni i. j • 
The response to anti-pernieionVanmmialle^nn. 



Before treatment 

After treatment 

Case 

Htemoglobin 

R. B. C. 


Hc-cmogiobm 

, 


% (g) 

Colour index 

% (8) 

H. IS. C. ; Colour index 

1 


1 

2 

3 

4 

5 

6 

7 

8 


85 (12.G) 

3.58 

1.13 

92 (13.6) j 

4.88 i 

87 (12.9) 

3.80 

1.10 

87 (12.9) ! 

4.23 

89 (13.2) 

3.48 

1.22 

87 (12.0) ; 

4.47 

92 (13.C) 

3.30 

1.33 

90 (13.3) 

4.02 

90 (13.3) 

3.80 

1.12 

90 (13.3) i 

4.20 ' 

100 (14.S) 

3.57 

1.33 

100 (14.8) ; 

4.50 1 

90 (13.3) 

3.14 

1.36 

88 (13.0) 1 

4.18 1 

83 (12.2) 

3.24 

1.22 

94 (13.9) i 

4.37 1 


0.9C 

1.00 

0. 08 
1.07 
1.02 

1. U 
1.00 
1.03 


table if the symptoms have persisted for more than six months. The fact that spe- 
cific treatment seems to have prevented further progression of the disease in these 
three cases, which were observed for 1 — 2 years, is in favour of the view that there 
was a deficiency of the anti-pernicious-anaemia factor. 

Mood emminations. The results of the examinations of the peripheral blood be- 
fore and after the institution of anti-permcious-an®mia treatment are shown in 
table 1. The hsemoglobin values were within normal limits, ranging from 83 to 
100 % (12.3 — 14.8 g). An increase in the haemoglobin values after anti-pernicions- 
anaemia treatment was seen only in two cases, whereas the level remained un- 
changed in the remaining six cases, even though the erythrocyte counts increased. 
In these six cases it must therefore be taken for granted that the measured haemo- 
globin values actually represented the normal levels for the patients in question. 

Prior to the institution of the anti-pernicious-ansemia treatment all the pa- 
tients showed diminished erjdhrocyte counts (3.14 — 3.8 million), resulting in in- 
creased colour indices. After the treatment all the patients showed a definite in- 
crease in the erj’throcyte counts, and the colour indices returned to normal. 

The colour index was only moderately increased. In four cases it exceeded 1.20; 
in three cases it was but slightly above 1.0 (1.10 — 1.13), so that it could not be 
decided with certainty whether or not the increase was significant. Accordingly, 
decisive importance was not attached to this finding; it was used only in support 
of other observations which might suggest a deficiency of the anti-pernicions- 
aHEemia factor, for example, increases in the erythrocyte counts during the spe- 
cific treatment. The significance of this response to treatment cannot be ques- 
tioned. 

The leucocyte counts were normal. 

The results from the hone-marrow examinations appear from table 2 and figures 
1—4. In six of the cases the erylhropoiesis was perfectly normal, whereas two cases 
showed slight changes in the form of intermediate megaloblasts. However, as an 
isolated phenomenon this observation is of no value. None of the cases s owe 
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Table 2. 


The bone marrow 


in S cases of glossitis and neuropathy witii normal h.-cmoglobin levels; and the response to anti-per- 

nicioiis-anremia therapy. 


1 

I 

j Before treatment 

After treatment 

Case 

i 

i Granulopoiesis (pernicious- 
1 anicroia noutiopbils. Per 
j cent of total neutrophils) 

Erythropoiesis {i. m. = in- 
termediate megaloblasts. 
Per cent of total nucleated 
rod blood cells) 

Granulo- 

poiesis 

Erythro- 

poicsis 

' ] 

1 

• • 0/0 

normal 

normal 

normal 

2 

7 0/ 

‘ • « /o 

normal 

normal 

normal 

3 

35% 

2 % J. m. 

normal 

normal 

4 

• • : 10 % 

1 % i. m. 

normal 

normal 

5 

12% 

norma) 

normal 

normal 

6 

1 % 

normal 

normal 

normal 

7 

G % 

normal 

normal 

normal 

8 

•• i 12 % 

normal 

~ 

— 


any abnormalities in the tliromhopoiesis. The megakaryocytes were morphologi- 
cally normal, and so was the platelet formation. 

In all the cases, the presence of Dpermcious-anamia nentrophilsD ivas a very char- 
aGterislie feature in the hone-marrow examinations. These cells were giant meta- 
myelocytes and giant stab cells in which the nucleus had an immature appearance 
with a rather loose chromatic structure, while it had the indented form of the 
metamyelocyte (figs. 1 — 2) or the stab cell (figs. 3 — 5), f.e., there was a dissociation 
of maturation in nuclear structure and shape. The giant stab cells were often of 
bizarre shapes, the nuclei being lobulated or distorted (fig. 5). Purthermoro, some 
hypersegmented neutrophils (macropolycytes) were present (fig. G). Morpliologi- 
cally , all these cells corresponded to the changes which are observed in the granulo- 
poiesis in frank pernicious anannia. 


In six of the cases the bone marrow was examined after two to four weeks’ anti- 
pernicious-ana3mia treatment. In these cases the previously observed maturation 
disturbances had disappeared at the time of examination. 

Thus, the hfcmatological findings which in this series provided evidence sug- 
gesting a deficiency of the anti-pernicious-amemia factor were: diminished erythro- 
cyte counts, increased colour indices (despite normal hannoglobin values), and, 
particularly, the occurrence of tipernicious-anamiia neutrophils# in the bone mar- 
row (despite norinocytic erythropoiesis). However, conclusive proof of this diag- 
nosis was provided by the response to specific anti-pernicious-ammnia treatment, 
since this treatment resulted in an increase in the erythrocyte counts and in a 
return to normal of the bone marrow. 


It is reasonab e to assume the o.vistcnce of a relationship between the clinical 
symp oms and the deficiency of the anti-pernicious-anannia factor. The fact that 
he lingual symptoms responded to specific treatment in all cases and the neuro 
logical symptoms in four is in favour of this assumption. 

Symptomatic deficiency of the anti-pernicious-aiuemia factor as may be seen 
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in nutritional deficiency states, in disorders of the digestive tract and in liver ,1 k 
ease could be excluded. Coupled with the long duration of the symptoms and 
the presence of achlorhydria, this was strongly in favour of a diagnosis of essential 
pernicious anseniia. A clinical picture like the one described here, with glossitis 
and neuropathy but with only slight hmmatological changes, may be encountered 
in patients with pernicious anmmia who have received inadequate treatment. How- 
ever, none of the patients from this series had received any preparations with anti- 
pernicious-anmmia actmty prior to admission. It is therefore reasonable to assume 
that they were suffering from pernicious anaemia with a normal htemoglobin level. 
Owing to the lowered erythrocyte values it is justifiable to speak of ammia in 
these cases, since anaemia must be defined as a state in which there is a reduction 
in the amount of haemoglobin or in the number of erythrocjtes, or in both. 


Conclusion.';. 


In the cases reported herein the presence of glossitis and/or myelopathy might 
arouse suspicion of pernicious anaemia. However, a result of the normal hsmo- 
globin values observed in most of these cases seems to have been that the patients 
were e.xamined with special reference to this disease only at a late stage of its 
development. 

This study shows that even though a patient may have haemoglobin values 
within the normal range or even at the level which is normal for the patient in 
question, pernicious anmina with a depression of the erythrocyte counts may very 
well be present. 

Deficiency of the anti-pernicious-anaemia factor may cause both megalocytic 
anmmia, glossitis, and subacute combined degeneration of the spinal cord. It is 
generally accepted that there need not be any correlation beween the degrees of 
the glossitis, the neuropathy, and the anmmia, which is also confirmed by the 
observations in the present series. Moreover, this case material shows that both 
glossitis and myelopath}^ may persist for long periods and be far advanced, although 
the disorder of the blood is so inconspicuous that it may easily pass unnoticed. 
Consequently, the presence of a normal hmmoglobin level does not obmate an ex- 
tensive blood examination, if the patient exhibits signs of deficiency of the anti- 
pernicious-anmmia factor. 

In spite of a normal hmmoglobin level the presence of an increased colour m ex 
(and volume index) may point in the direction of a diagnosis of pernicious an®mia, 
but the most unequivocal signs of a deficiency of the anti-pernicious-anaimia ac or 
are disclosed by the e-xamination of the bone marrow. At the high eryttocyte 
counts found in such cases only very slight maturation disturbances in the pre- 
cursors of the red cells or none at all can be expected, but in spite^ o s 
granulopoiesis may reveal fairly distinct signs of deficiency of the anti permcw 
anmmia factor in the form of spernicious-anfemia neutrophilso (giant myeloc, , 


giant stab cells, and macropolycytes). 

Glossitis of long standing, or signs of 
histamine-fast achlorhydria, should arouse 


combined cord disease associated uith 
suspicion of a latent pernicious amcmia. 
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Tlie presence of hyperchromic anaemia (even with a normal ha3moglobin level) and 
■of ftpernicious-anaemia neutrophils)) in the hone marrow is in support of this diag- 
nosis. However, it should be pointed out that in such cases (just as in frank perni- 
cious anaemia) it is very important to follow the response to anti-pernicious-anaemia 
treatment. The fact that the haematological response is obviously not so dramatic 
as in pronounced pernicious anaemia should not induce one to omit close observa- 
tion of the response in such patients. I^Tien the erythrocyte counts are so high as 
those observed in the present series, an increase in the number of the reticulocytes 
cannot be expected. On the other hand, the therapy must result in an increase of 
the number of erythrocytes, if low counts are obtained prior to the institution of 
the course. In addition, it is important to compare the bone-marrow findings from 
before and 2 — 3 weeks after the institution of the treatment in order to examine 
whether cells which have been interpreted as )>pernicious-anaemia neutrophils» have 
disappeared. In this connexion it should be remembered that in treatment of per- 
nicious anaemia the granulopoiesis returns to normal at a considerably later stage 
than the erythropoiesis. While a megaloblastic erythropoiesis becomes normoblastic 
in the course of 1 — 2 days, it often takes 1 — 3 weeks before the granulopoiesis re- 
turns to normal. 

Obviously, the improvement of the sore tongue and of the neurological symp- 
toms provides essential evidence in support of the correctness of the diagnosis. 
Although a glossitis due to deficiency of the anti-pernicious-ansemia factor may 
occasionally be relatively refractory to treatment, it will in most cases be cured 
within 1 — 2 weeks. The neuropathy may regress if it has not persisted for too long 
a period, and if it is treated with anti-pernicious-anaemia factor in doses 2 — 4 
times as large as those required for the cure of the haematological disorder, but one 
should be prepared for the contingency that a deficiency having persisted for more 
than six months may leave behind irreparable changes, so that the absence of im- 
provement does not necessarily speak against the correctness of the diagnosis. 
Also in such cases the anti-pernicious-anaimia treatment should be continued in 
order to prevent further progression of the disease. 

If, in a case of glossitis, specific treatment is discontinued after the lapse of some 
time, because it is doubted that the case in question is one of true pernicious 
anaemia requiring continuous treatment, it is necessary that the patient be closely 
followed after the discontinuance in order to ensure that neurological symptoms 
do not develop. If there are concurrent neurological symptoms, the probability^ of 
the presence of pernicious anaemia is so great that, in view of the risk of progres- 
sion of the neuropathy, it must be considered to be inadvisable to discontinue the 
treatment. 


Summary. 

Seven cases of chronic glossitis, including six with concurrent signs of more or 
less severe subacute combined degeneration of the spinal cord, are reported. The 
report also includes a case in which neurological manifestations, unassociated with 
glossitis, were present. These manifestations were suggestive of pernicious anaemia. 
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In scverni of the patients, this diagnosis had previously been considered. Wt vet 
had^ been excluded due to the presence of normal iuemoglobin values. 

Nevertheless, the result.s of closer luematological studies suggested that in spite 
of normal Iuemoglobin levels, the patient.s were suffering from deficiency of the 
antnpernieious-amemia factor, evidenced by a slight diminution of the erythrocyte 
counts and increased colour indices. The most significant finding wns.’however, 
tlie presence of i>])crnieious-an!emin neutroj)hils>> (f. c. giant metamyelocytes, giant 
stab cells and macropolycytes) in the bone marrow in .s{>ito of a normal erythro- 
poio5is. 


In as-oeintion with anti-periueious-niucmia treatment (liver e.xtract or vitamin 
Bj.) the erythrocyte counts increased and the colour indices returned to normal. 
The ejiernicious-amemin nenfrophils> disappeared from the bone marrow. The 
lingual symptoms disaj)pearcd or improved, and in four eases improvement of the 
ncurologieal .symptoms also occurred. It secm.s reasonable to a.ssurnc that both the 
glossitis and the neurological manifest at ions were due to deficiency cf the anti- 
pernieioiis-amemia factor. 

•Symptomatic deficiency of the nidi-pernieious-nmemia factor ns may be cn- 
cotnitered in nutritional deficiency states, in various disorders of tlic digestive 
tract and sometime.s in liver disease could be c.xcludcd. Coupled with the long 
duration of flic .symiitoms (0 months to 15 ycar.s) and the presence of achlorhydria, 
tin's was strongly in favour of a dingnosi.s of e.«scntial pernicious aiucmia. 

The tyiie of pcniieious aiuemin described, with a normal Iuemoglobin level, may 
lead to serious discomforts to the patient (severe glossitis and incajiacitating myelo- 
{inthy) if it is left untreated. It is therefore cmphasir.ed that bone-marrow e.xamina- 
tion.s may be of diagnostic value in such eases, provided that it is borne in mind 
that, perniciosiform maturation disturbances may occur as an isolated phenomenon 
in the grnuulojioicsis. 
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Deep Venous Tliroinbosis in the Lower Limbs as a 
Complication of Internal Diseases. 

By 

OTTO WEGELIUS.* 


(Submitted for publication July 30, 1953.) 


Prophylaxis is naturally considered particularly important in postoperative 
and postpartum thrombo-embolism. The period of rest in bed is shortened as far 
as possible, and exercises for the legs and feet are recommended. Furthermore 
anticoagulants have been used with good results by many clinicians. 

When thrombo-embolism occurs as a complication of internal diseases the 
situation is different. Preventive treatment cannot play a major part for the 
reason that the patients are not always under the care of a physician when they 
are in the »danger zone». Furthermore their condition very often does not allow 
of any exercises, and the basic complaint may even in some cases constitute a 
contraindication to prophylactic measures of any kind. It is, however, important 
that the clinician knows which diseases are prone to be complicated by throm- 
bosis and therefore )>lifts the blanket)) now and then with this possibility in view. 
It should also be borne in mind that pulmonary infarction may occur without 
any characteristic symptoms of thrombosis from the legs. The situation seems to 
be that many cases are not diagnosed correctly, the pulmonary symptoms being 
instead attributed to pneumonia. 

Since effective treatment became possible in the nineteen thirties, the impor- 
tance of an early and certain diagnosis has increased. Today a combination of 
heparin and dicumarol or some related preparation is mostly used. The purpose 
of this therapy is to obtain rapid relief wdth heparin; later, when dicumarol has 
taken full effect, this is given alone. Treatment is thus commenced by simulta- 
neous administration of both preparations. 

It is difficult to use the anticoagulants judiciously owing to individual variations 
in the appropriate dosage and to the difficulties involved in checking the effect of 
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method has come into use particular!}- in the Northern countries 4 

our experience it is the best for clinical use. According to 

The time a patient is kept in bed, the frequency of complications the de.ft, 
rate in pulmonary embolism, and the frequency and de-^ee of post-thromh ? 
sequelae are considered as criteria for the efficiency of the t'reatment LenS 
of the thrombus, formation of another thrombus, and pulmonax}- infarction ^ 
egarded as wmphcatioM. The reliability of the principles on which the dosage 
IS based may be judged by the incidence of haemorrhages during treatment 
promded that no factors constituting a contraindication to anticoagulant theranv 
nave been overlooked. ‘• 


Extensive s^-ej-s of postoperative and postpartum thrombo-embolism are 
available in the literature. The reports on thrombo-embolism in conjunction 
vrith internal diseases arc much fewer. 

In order to analyse this relation the records on thrombosis from the Medical 
Departments of the Maria Hospital — the IVth Medical Clinic and the Municipal 
iledical Department ^ead; Guido Totterman, M. D.) — from the period 1936- 
1952 bare been studied. The total number of patients treated for the form of 
thromho-embolism here concerned was 435, of which 328 (75.5 per cent) were 
females and 107 (24.6 per cent) males. The distribution according to age and sex 
is sborrn in Table 1. 3Iidd]e-aged and elderly women are apparently most prone 
to be affected by this disease. 


Table 1. 

Distribution of the total material according 
to age and sex U930—lfJ-52). 


So. of 
pat'wnU 


10-19 2 

20—29 18 

30—39 43 

40—49 SO 

.50—59 , 103 

60—69 124 

70—7.9 54 

80-69 ■ 11 


Total number 435 


328 males 
107 females 


If the cases of thrombosis are calculated as a percentage of the total annual 
number of hospitalized patients, a marked, continuous increase is discernible from 
1948 onwards (Tig. 1). This is probably due to the fact that the necessitj- of ad- 
mitting these patients to hospital is now more generally accepted than before, 
rather than to a real increase in the incidence. 

The journals from 1950—1952 have been analysed especially with a n'ew to 
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Fig. 1. Cases of thrombosis as a percentage of the total number of patients hospitalized at the 
Medical Departments of the Maria Hospital during the period 1936 — 1962. 


ascertaining which diseases had been the basic reason for the development of a 
thrombo-embolic condition. 

In 79 (44.3 per cent) of 178 cases obvious symptoms of cardiac disease with con- 
gestive failure were present. In these cases it is probable that venous stasis in the 
lower extremities was the chief precipitating factor. It cannot, however, be regarded 
as the only cause, since it would then be difficult to understand why congestive 
failure is not more often complicated by deep thrombosis in the lower extremities. 

Diseases of the blood are sometimes accompanied by deep thrombosis. Poly- 
cythaemia vera is often complicated by this lesion. Preidously thrombosis seems 
to have been a frequent occurrence in chlorosis, and myelogenous as well as lymphat- 
ic leukemia and pernicious anaemia in remission are conditions prone to be thus 
complicated. Of 24 (13.6 per cent) patients with haematological changes, 18 had 
normo- or hypochromic anaemia with a Sahli value under 60. In these cases it is 
not at all certain, however, that the anaemia was involved in the development 
of thrombosis. The other cases with changes of the blood were one cryptogenetic 
pernicious anaemia, 3 pernicious tapeworm anaemias and 2 myelogenous leu- 
kemias. 

Most infectious diseases are sometimes complicated by deep thrombosis. The 
incidence has been given by Allen, Barker and Hines (1946) as 3 per cent in typhoid 
fever and as 0.6 per cent in pneumonia. In the present series infection may have 
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■been involved in 2G cases (14.6 per cent). Infection in the respirator 
represented the largest group, viz. 12 cases; 8 of these patients had Z. 

It seems natural that malignam tumours in an advanced stage Bhoi w"““‘ 
plicated by thrombosis, but it is surprising and noteivorthv that a tp 
the lower limbs may he the first manifestation of a malignant process Itlf 
indicated that thrombosis occurs as an early complication principally in cicsTf 
carcinoma of the pancreas or lungs. In the present series, the total nnmhe i 
cases was G (3.3 per cent). The lesion developed at an early stage of the basic di?- 
easc m one case only; in the remaining 5 it occurred as a late complication. 

Trauma had obviously been the causative factor in 8 cases (4.5 per cent) In n 
(G.l per cent), the formation of a thrombus may have been due to pelvic rnmon 
such ns pregnancy or extensive myoma. Thromhangilis obliterans, which undoubt- 
edly is an illness predisposing to deep venous thrombosis in the lower extremities 
had been diagnosed in 5 cases (2.8 per cent). 

Vances of the leg may follow deep thrombosis, or occur primarily. According to 
Servelle (1948; cited by Hojensgurd), the enlargement of the veins has been pre- 
ceded by deep venous lesions in 80 per cent of all cases considered as primary 
varicose disease. The role of varices as a predisposing factor in deep venous throm- 
bosis is thus debatable. In the present series the incidence of this lesion is rather 
high, viz. 29 cases, or 1G.2 per cent. If the large number (?. e. 56 cases, or 31.4 
per cent) of patients treated for recurrent thrombosis is compared with the inci- 
dence of varicose disease, the deduction may perhaps be draism that the occurrence 
of varices in the present series is to be considered as essentially a secondary 
phenomenon. 

In 10 cases (5.G per cent) iio obvious cause for the development of thrombosis 
could be ascertained on the basis of the records. It is a noteworthy fact that 
obvious cases of deep thrombosis ■svitlx a tendency to recurrence, the aetiology ol 
which has remained obscure, have occurred from time to time in this hospital. 
The patients have as a rule been middle-aged men, and the frequency of such 
cases during short periods of time has caused some surprise. Two cases have been 
diagnosed as thrombophlebitis raigrans. 

From the standpoint of preventive treatment it is of some interest to Icnow 
how many patients at rest in bed develop deep thrombosis during hospitalization. 
The rather high incidence — 41 cases (23 per cent) in the present series - shows 
that preventive measures arc called for also in cases of internal disease. As a me 
these, however, consist only in recommending the patient to exercise his legs an 
feet, and to perform respiratory exercises in the form of deep breathing, i possi e. 

It lias been claimed that the drugs generally used in the treatment of caidmc 
insufficiency — digitalis and Hg-diurctics - increase the coagulability ol tne 
blood (Fere 1950). In view of the fact that the basic disease of the patien s con- 
cerned predisposes to thrombosis it is difficult to say whether tbe formatiou o 
deep thrombi is influenced by the above-mentioned, alleged effect o ese c 
In the present series digitalis and/or Hg-diuretics had been given m 4 case 

^ The relatively greater rate of deep thrombosis in the left lower extremity ha- 
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been, adduced in support of the theory that venous stasis is an essential aetiological 
factor in this lesion. This argument is based on the fact that the vena cava caudalis 
is situated to the right in the pelvis; the blood in the left vena iliaca has therefore 
to flow a longer distance, furthermore the left vena iliaca communis is crossed 
by the right arteria iliaca communis and the left arteria hypogastrica; it is possible 
that a resulting pressure on the vein may he a contributing cause of venous stasis. 
To ascertain whether any relation exists between these facts and deep thrombosis 
in patients with internal diseases, the journals from the period 1946 1952 were 

examined from this standpoint. The total number of cases was 314, The lesion 
was located to the left side in 157 cases (50 per cent) and to the right in 117 (37.2 
per cent); in 40 cases (12.8 per cent) it was bilateral. These values speak in favour 
of an involvement of venous stasis. 

Some investigators hold that the formation of a thrombus is in part dependent 
on the erythrocyte aggregation, which is contingent on the protein composition 
of the blood and influences the sedimentation reaction. The sedimentation rate 
would thus be a criterion of the disposition to thrombosis; in other words, a throm- 
bus should not develop when the sedimentation rate is normal. It was found that 
as many as 23 patients (12.9 per cent) in the present series had an ESR value of 
less than 10 mm/hr at the time when they developed thrombosis. This seems to 
indicate that erythrocyte aggregation is not a major factor in the aetiology of 
the form of thrombo-embolism here concerned. 

During the period 1936 — 1949, 257 patients with deep venous thrombosis in 
the lower limbs were admitted to the Medical Departments of the Maria Hospital. 
The records have been examined with a view to comparing the cases (133) sub- 
jected to anticoagulant therapy controlled by Quick’s method and those (124) not 
so treated (Table 2). The rate of pulmonary embolism is about the same in the two 
groups, and the incidence of fatal embolism is also broadly similar. This fact is 
surprising and deserves of further analysis. 

The above-mentioned figures include all cases of pulmonary embolism, viz. 
patients who displayed pulmonary symptoms already on admission as well as 
cases in which embolism occurred during hospitalization. In this connection the 
incidence during anticoagulant therapy is of significance. Of the total number of 
patients in this series 3 per cent were complicated by pulmonary embolism, and the 
outcome was fatal in 0.7 per cent. Considering that 25 per cent of the pulmonary 
complications and 14.2 per cent of the deaths occurred during anticoagulant 
therapy, the efficiency of the treatment seems rather doubtful. It is difficult to 
make a direct comparison with the cases not treated with anticoagulants, but the 
total number of complications and the death rate, which are broadly similar in 
both groups, are discouraging. It seems thus as if the treatment, though relieving 
the discomfort and shortening the illness, had not been capable of preventing 
dangerous and apprehended complications. Statistical reports on recent results 
with anticoagulant therapy have been surveyed by Bruzelius 1945, Merz 1949 
Halse 1950, and Schmid 1961. 

Theoretically it should be possible to prevent the development of embolism 
with the aid of the anticoagulants in cases with marked symptoms from the lower 

3 5iOD63. Acta med. Scandinau. Vol. CXLVIJI. 
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Table 2. 

Pidmonary cmMism during treatment uM and mithout anticoagulants. 
l’fothroml.in control with Quick’s mctliod 193C-1949. 



133 cases treated 
with anticoagulants 

124 cases not treated 
with anticoagulants 

1 

No, 

Per cent 

No. 

Per cent 

j zj • As a compVicalion during nnticoaciilant' 
i o 1 therapy . < 




1 f-* 1 — — 


3.0 



1 <5 j As n complic.ition durinj; n period wlicn nnti- 

! Z 1 co.iKuIanta were not civen 

1 c.* 


9.0 



i 5 1 Total 

10 

12.0 

17 

13.7 

1 ; Deaths during anticoagulant therapv . 


0.7 



* i ^ 1 

j -3 1 Deaths during a period when anticoagulants 
! -g 1 were not given j 

1 

4.a 



[ ” Total ' 

7 ! 

1 

u.C 

6 

4.S 

• Total ntimhcr of cases 

23 


23 



extrentities. It is kiiowit that, when phlebitis is present with resulting symptoms 
from the legs, the thrombus is in part at least adherent to the wall. »It is almost 
certain that a thrombus which is more than three days old will not become de- 
tached and a thrombus that is more than a few hours old will rarely become de- 
tached. » (Allen, Barker and Hines 194G.) The thrombus then propagates upwards, 
and it is this portion that may become detached. Propagation, and hence embolism, 
is counteracted by the anticoagulants. It thus seems ns if the above-mentioned 
unsatisfactory results were attributable to an insufficient anticoagulative action. 
It is therefore of some importance to ascertain which drugs were administered 
when the emboli became detached. Of the four cases with pulmonary complica- 
tions three had been treated with dicumarol and one with heparin. In the latter 
the complication occurred so early that it is uncertain whether the therapy had 
taken full effect. In the case w'ith a fatal outcome dicumarol had been given. 

It is a well-known fact that dicumarol therapy with Quick’s prothrombin inde.x 
as indicator often gives the clinician an uncertain feeling because the prothrombin 
values often vary very much even from one day to another. For this reason it is 
difficult to keep the coagulability of the blood on a low and steady level, and it 
is therefore possible that the thrombus actually propagates during certain phases 
of the disease, with a greater risk of embolism ensuing. 

At the Maria Hospital Owwen’s method has been used since 1951. It has been 
found advantageous, the values obtained being more even; therefore the dosage 
has varied less from day to day than before. For the sake of comparing cases treated 
during the period when Quick’s prothrombin index was determined and those m 
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Table 3. 

Pulmonary embolism during treatment tvitli anticoagulants. 
1949—1952 


i 

1 


Dosage of dioumarol determined . 
on basis of the 



prothrombin percent- 
age (Owren) 

108 cases 

prothrombin index 
(Quick) 

122 cases 



No. 

Per cent 

No. 

Per cent 

o 

J 

As a complication during anticoagulant; 




o 

tJ 

therapy 

0 

0 


5.7 

u 

(«-• 

o 

« 

o 

As a complication during a period when anti- 
coagulants were not given 

20 

18.0 

17 

13.9, 

tc 

C5 

o 

Total 

20 

18.5 

24 

19.7 . 

1 

Deaths during anticoagulant therapy 

2 

1.8 

2 

1.6 ' 

1 « 

Cl 

Deaths during a period when anticoagulants 
were not given 

1 

0.9 

5 

4.0 


Total 

3 

2.T 

7 

5.6 


Total number of cases 

23 


31 



wliicli Owren’s method has been used, the relevant records from the period 1949 

1952 have been analysed (Table 3). 

With regard to complicating pulmonary embolism during anticoagulant therapy 
the results in the prothrombin percentage (Owren) group are satisfactory, no such 
case ha^nng occurred. In the prothrombin index (Quick) group the corresponding 
figure was rather appalhng: 5.7 per cent during treatment. Mortality during treat- 
ment was the same in both groups. It should, however, be borne in mind that one 
of the cases with a fatal outcome in the )>Owren group)) was in a poor condition 
from the beginning. There is thus a significant difference in favour of the »Owreu 
group*. The results of this analysis seem in any case to indicate that Owren’s 
method js much superior. 

The high incidence of complicating, and of fatal pulmonary embolism, in both 
groups together, viz. 44 (19.1 per cent) and 10 cases (4.4 per cent) respectively 
seems to be a normal phenomenon when internal diseases are complicated by 
thrombosis The corresponding figures given by ZiUiacus (1946) were 39 (31 2 per 
cent) and IS (14.4 per cent); the total number of cases from medical clinics was 125 

during demonstrable progression of the thrombotic lesion 

the f therapy must be regarded as indicative of the efficiency of 

the treatment Extension into the deep veins of the other leg is easily observable- 

errors are ruled out. Two such cases occurred, one in the sOwren 
o iip». the other in the *Quick group*. In the latter there was moreover one case 
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of cardiac infarction complicated by deep thrombosis in the leg during dicumarol 

The time a patient has been kept in bed on account of thrombosis does not 
always appear from the records. Nor is the duration of the anticoagulant therapy 

a reliable measure of the duration of tbe illness, since the administration of dicu- 

marol may have been continued because of some other disease. The duration of the 
illness can thus be estimated only in cases treated for thrombosis aione, where 
the time of hospitalization is a valid index. A mean value was obtainable on the 
basis of 92 cases out of 230; it was found to bo 15.9 days. 

The only serious complication that may occur during anticoagulant therapy 
is haemorrhage. One case of haematuria occurred in the aQuick groupu and another 
following treatment with heparin alone. In the cases in which Ow'ren’s method 
was used there were no haemorrhages. 

No follow-up examinations have been performed. 

The good results obtained with Owren’s method as indicator for the dosage, 
and the absence of haemorrhages, seem to suggest that prolonged treatment of 
outpatients with dicumarol may prove successful for the future. Such treatment 
has been tried already^ in Norway, and to some extent also at the Slaria Hospital. 
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Pre- and Post-Operative Renal Function in Coarctation of tlie 
Aorta and Its Relationship to tlie Genesis of Hypertension. 


By 

L. TONELLI, F. BAISI and E. MALIZIA. 
(Submitted for publication July 21, 1953.) 


The physiopathological interpretation of the haemodynamic pattern of coarc- 
tation of the aorta is not universally accepted. The differences concern particularly 
the interpretation of the genesis of hypertension, which is considered by some 
authors to be the direct consequence of the mechanical conditions produced by 
stenosis of the isthmus. Other authors, on the contrary, consider hypertension 
to be correlated with an increase of the peripheral resistance, therefore similar 
in this respect, -to essential hypertension. 

Recently, the former interpretation which repeats the classical opinion (1, 2), 
has been affirmed by Hull (3), Bing et al. (4) and, through experimental research, 
by Gupta & Wiggers (5); the latter interpretation has been accepted by numerous 
authors following the interpretation originally introduced by Steele & Cohn (6,7), 
after having made a direct determination of the pressure in the arteries below the 
point of stenosis, using Hamilton’s manometer. 

The hypothesis that an increase of peripheral resistance also plays a role in the 
mechanism of hypertension has been deduced from the following observations: 
1) in the upper limbs; increase of the arterial pressure in all its values (systolic, 
diastolic and mean) is followed not by an increased flow, but by a normal (2, 8, 9) 
or a decreased one; 2) in some cases the differential pressure of the arteries above, 
the stenosis is rather low, similar to typical findings in essential hypertension 
(11); 3) in the lower limbs, the diastolic pressure is generally frankly increased, and 
the mean pressure is not lower, but equal to or higher than the normal mean pressure 
(4, 7, 12 16); 4) the cardiac output is not decreased but normal and, sometimes, 
increased (1/, 18); 5) both in upper and in lower limbs the arteriolar system pre- 
serves its ability to react to thermal stimuli and to some drugs (epinephrine, amyl- 
nitrite) and after the vasodilatation, the pressure values decrease and the blood 
flow increases (10, 12). 
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Moreover, considering 3 rarer condition, analogous to stenosis of the isthmu. 

ooaictation o£ the abdomm.I aorta above the renal arteS 
( escribed already by Steele (7), and more recently by other observers (19-99\ 
one must stress the fact, that sometimes not a constant hypertension, but a pat 

simulate a phaeochromocytoma has been observed 
(21) This observation corroborates, too, the hypothesis of the intervention of 
purely functional factors in the genesis of hypertension. 

Even more favourable to such a hypothesis are the results of some recent experi- 
mental investigations. Eor example, in the dog, coarctation of the aorta through 
insertion of a leucite tube into the classical Botallian seat in such a way as to 
reproduce the characteristic conditions of the human malformation (23), is followed 
by an mcrease in the carotid pressure. This pressure does not become stable in a 
short time (as it would if it depended only on mechanical factors), but rises progres- 
sively over a period of several months, while in the femoral artery the diastolic 
and mean pressures decrease only in the period immediately following the produc- 
tion of the stenosis, increasing afterwards progressively till they almost reach the 
values found in the carotid artery ( 24 , 25 ). Having proved in such a way the im- 
portance of the increase of the arteriolar tone and peripheral resistances in the gen- 
esis of the hypertension found in the coarctation of aorta, Steele & Cohn (6, 7) 
have postulated that this increase of pressure would depend on renal ischemia, 
following the interpretation by Goldblatt. Such a hypothesis has started a double 
line of inquicy; on the one hand experimental research on animals, and on the 
other hand the study of the renal function in man, with particular attention to 
renal circulation. Moreover, interest in such research has been stimulated by the 
first surgical successes (26, 27), which have transferred the problem to the clinicians, 
at the same time raising the question as to whether this operation although remo- 
ving the mechanical obstacle, can resolve a hypertensive condition, dependent at 


least in part on other pathogenic causes. 

The experimental researches in animals have corroborated the hypothesis of 
the presence of a hypertensive factor dependent on renal conditions (28 32). 
In fact, Scott & Bahnson, having established a termino-lateral anastomosis be- 
tween the left subclavian artery and the thoracic aorta and divided the aorta above 
the obstacle, have succeeded for the first time in creating a condition which for the 
localization of the obstacle and for its haemodynamic results (increase of all the 
pressure values of the carotid artery, increase of the mean pressure in the femoral 
artery) is strictly comparable to that of human coarctation. In animals undergoing 
operation in this way, the transplantation of a kidney to the neck, followedby t e 
removal of the contralateral kidney, causes the carotid pressure to go back quickly 

to the normal values. . 1 f 1 . 

The study of the renal haemodynamics, on the contrary, has not given completei) 
unequivocal results. The first authors to undertake such research were Friedman 
et al. (34). They reported in 6 patients with coarctation of aorta that the rena 
plasma flow was substantially reduced and that the glomerular filtration rate w 
almost normal, giving rise to a markedly elevated filtration fraction. ^ ese re^ > 
identical with those characteristic of essential hypertension (36) (no mvestigatio 
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were made into the tubular mass, however), are, according the authors, significant 
of a real condition of renal ischaemia wdth hypertonus of the efferent arterioles. 

Genest et al. (37), through the study of 17 cases, have reached somewhat anal- 
ogous conclusions, though with certain discrepancies. These authors carried out. 
their research by collecting the postoperative data also, in 12 of these patientss 
They have demonstrated that the improvement in the haemodynamic condition i- 
paralleled by the improvement in the renal circulation. The postoperative modi, 
fications were as follows; the filtration rate increased in 5 patients, decreased in 2 
was unchanged in 5; the renal blood flow increased in 7 patients, decreased in 2 
remained unchanged in 4; the filtration fraction fell in 6 patients, increased in 4, 
remained unchanged in 2. Therefore, considered as a whole, the authors data show 
that postoperatively the renal function becomes or approaches normal and this 
modification of the preoperative condition is paralleled by the improvement of the 
circulatory pattern. 

Opposed to the data proving that renal ischaemia is an aetiological cause in 
coarctation of the aorta and favourable to the hypothesis that a humoral renal 
substance participates in the genesis of hypertension, are the observations collected 
by Harris et al. (16) in their study of 4 pre- and post-operative cases. In this series 
also the pre-operative data show, like the preceding ones, a decreased renal blood 
and plasma flow, however the data differs as regards the filtration rate which was 
decreased and the filtration fraction which was normal or increased. Moreover, 
the early post-operative data in 3 cases (from 7 to 11 days after surgical intervention 
varying in the different cases) showed a marked increase of the renal blood and 
plasma flow and of the filtration rate until the values were almost normal, ac- 
companying the marked improvement on the circulatory side (at least concerning 
the brachial pressure). On the contrary the controls after a longer period (from 60 
to 112 days) showed a return of the renal circulatory conditions to the pre-operative 
level, while the brachial pressure decreased further. Finally the fourth case gave a 
paradoxical result, because though the operation had no effect on the blood pres- 
sure, there was a marked improvement of renal circulatory conditions. To explain 
such discrepancies the authors suppose that the first results of the renal clearances 
in such a case were colored by emotional factors, which are known to effect such 
tests markedly (39). According to the above results, Harris et al. deny the existence 
in aortic coarctation of a relationship between the arterial pressure and renal 
circulatory conditions. Though they recognize that the characteristic haemodynamic 
alterations cannot be explained completely on the basis of mechanical factors, 
they exclude renal ischaemia as the pathogenic factor of hypertension. However, 
from a critical point of view, we must report that post-operatively, the systolic 
and mean pressures in the femoral artery were increased in 1 case, unchanged in 1 
case and decreased in 1 case; the pulse pressure increased in 2 cases and decreased 
in 1. These post-operative data, in fact, differ among themselves and are at variance 
also with those of preceding authors (1). Sufficiently so, in fact, to make us ask- 

how far and in what sense had the circulatory condition below the stenosis been 
modified. 

The same renal findings were obtained by Barker & Clark (39), who in 10 patients 
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verified that the renal plasma flow was at the low normal ranges and the filtration 
rate was practically normal. Post-operative control, carried out in 6 cases, showed a 
slight increase of the renal blood flow. In 2 cases studied for a longer post-operativ! 
time (2 years) a return to pre-operative conditions was demonstrated. In this short 
paper (summary of a paper given before the American College of Surgeons) there is 
no data concerning the pressure values and their relative post-operative modifi- 
cations. 


To conclude this bibliographical report, we wish to mention the experimental data 
by Sealy et al. (25), wdio have studied 4 dogs in whom a coarcting tube bas been 
inserted for 3 to 4 months. These animals showed the characteristic pressure modi- 
fications and alterations of renal function, strictly comparable to those observed 
in the spontaneous pathology by Friedman et al. (34), namely a moderate decrease 
of the renal plasma flow, wdth progressive increase of the filtration fraction. 

Thus, although (a) evidence from human coarctation indicates the deficiency 
of a mechanical theory and evidence from animals refutes it; (b) all investigators 
who recently have discussed the matter, agree that in the lower as in the upper 
extremities, both in humans and in animals, some other mechanism must contribute 
to the changes in vascular dynamics, w'hich follow and may be initiated by the 
mechanical factors of obstruction; and (c) consequently some authors have supposed 
that the renal ischaemia may be responsible for these unexplained conditions, 
there is no agreement about the relationship between the genesis of hypertension 
in coarctation of the aorta and the kidneys and about the interpretation of the 
alteration of renal function, observed by all investigators in this disease. It has not 
therefore seemed to us unnecessary to report the results of research regarding 
renal function and dynamics, done in our Institutes, in 5 patients with coarctation 
of the aorta. All of these patients have been studied pre-operatively from the point 
of view of renal function. One has not had an operation. Three of the four operated 
have been studied after the operation; the fourth, a very apprehensive woman, 
would not co-operate after the operation. 


Case Reports 

Case I. B. Luigia, 26 years old. , . 

Clinical History: The p. developed normally, she always lived ^ very active life do g 
even hard manual work, men she was 17. she began to suffer with ""3 

in the ears, dizziness and finally these troubles became more frequent and accentua 
and the p. complained of precordial pains radiating along the left arm. nigtended 

Physical Examination: A strong well nourished woman Badial 1 

rhythmic, with a rate of 100-110/miu. Femoral pulse hardly ^ 

carotid pulse. Cardiac area increased to the left; a systolic “^mur t th^^ Ventricular 
aortic valve area and in the left interscapulo-vertehral area. E. 

roentgenogram shows marked hypertrophy of the left ventricle and pres- 
ence of knotches at the lower border of several ribs. -Bnws the presence 

The aortography (performed through the external carotid arte y) 

of an isthmical stenosis of the aorta. W Prof P. Valdoni. Left 

Surgical Intervention took place on June the 26tn, lyoA, oy 
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posterolateral thoracotomy with subperiosteal resection of the 5th rib. The isthmical 
stenosis was about 4 cm long. The most narrow part corresponded to the arterial liga- 
ment. The stenotic tract was removed and continuity reestablished through a preserved 
aortic homograft, i 5 cm long applied through sutures with extroflexing separate U- 
points, redoubled by a continuous suture on the everse borders. Declivous drainage tube, 

suture of the wall. • • • mi, t 

Post-operative clinical course complicated by several anginoid crises. The p. was dis- 
charged recovered after 41 days.“ 

Case II. M. Dmo, 28 years old. 

Clinical History: Normal development; the p. did the hardest kind of work and also 
military training, fighting during the last war. During the preceding years he suffered 
moderate headaches; 6 months ago subarachnoid haemmorrhage occurred, followed by 
coma, lasting 15 days. 

Physical Examination: A strong man, with hypotrophy of the muscles of the lower 
limbs. The radial pulse was full, distended, rhythmic, with a rate of 95/min. An intense 
pulsation of the carotid, subclavian, axillary and intercostal arteries was seen. Visible 
arterial pulsations were seen on the back, in Campbell and Suzman’s position (40); the 
femoral pulse being hardly palpable and appearing delayed, compared with the radial 
one. The cardiac area was increased to the left. E.C.G.; left ventricular preponderance. 

Thoracic Roentgenogram: Presence of knotches at the lower border of several ribs, 
bilaterally. 

Sxirgical Intervention took place on May, the 2nd, 1952, by Prof. P. Valdoni. Left postero- 
lateral thoracotomy, with subperiosteal resection of the 5th rib. Finding of an isthmical 
stenosis which began about 1 cm below the subclavian artery and became closed after 
about 1 cm; its total length being 3^/2 cm. Resection of the stenotic tract was per- 
formed and rebuilding through a preserved aortic homograft, about 4 cm long, applied 
through the same technique as in the former case. Declivous draining tube; suture of 
the wound. 

Post-operative clinical course uncomplicated; the p. was discharged recovered after 
30 days. 

Case III. L. Pier Liiigi, 15 years old. 

Clinical History: The p. developed normally; played sports. During the preceding year 
he suffered from headaches, moderate strain dyspnoea, tachycardia. 

Physical Examination: A well developed young man. The radial pulse was full, distended, 
rhythmic, with a rate of 90/min. The femoral pulse was hardly perceptible. On the base 
of the neck the aortic arch could be palpated and showed fall pulsations with a very intense 
systolic thrill. The carotid and axillary arteries pulsated also markedly; and at the back, 
the pulsation of the intercostal arteries could be palpated from the 5th to the 8th space, 
bilaterally. The cardiac area was increased to the left; an intense systolic murmur being 
heard in all the valvular areas and in the left interscapulovertebral area; a diastolic 
murmur in the aortic valve area and at the apex. E.C.G: left ventricular prepon- 
derance. 

Thoracic Roentgenogram; Moderate increase of the cardiac area and particularly 
of the left ventricle; knotches at the lower border of some ribs, bilaterally. 

Surgical Intervention took -place on Oct., the 18th, Prof, by P. Valdoni. Left posterolateral 
thoracotomy, with subperiosteal resection of the 4th rib. The coarctation was in the 
classical Botallian area,^ the stenotic tract being about 4 cm long. Resection of the ste- 
notic tract and application of a preserved aortic homograft was performed with the same 
technique as in the former cases. Declivous drainage tube and suture of the wall. 

I The homografts were preserved according to the method of Swan et al. (41). 
the' oTL?on;ram^gfv;SSle clearances of this case and of all 
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course uncomplicated; the p. 


was discharged recovered after 


Case IV. F. jUberto, 16 years old. 

Chmcal Ihslorij: The p. developed normally. During the preceding years he suffered 
from, headaches, cardiospasm aud strain dyspnoea. 

Physical Examination A young mau in good general condition. Eadial pulse full 

of 68/min; femoral pulse hardly perceptible. Thebound- 

aiy of the cardiac area was normal;^ the heart sounds clear in all the valvular areas- a 
short systolic murmur in the left interscapulovertebral area. E.C G - left ventricular 
preponderance. 


Surgical Intervention took place on June, the 28th, 1952, by Prof. P. Valdoni Left 
posterolateral thoracotomy, with subperiosteal resection of the 4th rib. There was a 
blunt, eccentric stenosis, at the level of the arterial ligament. Eesection of the stenotic 
tract and rebuilding of the continuity through a preserved aortic homograft, about 4 cm 
long was carried out, w'hich was applied with the same technique as in the former cases. 
Declivous drainage tube; suture of the wound. 

Post-operative clinical course uncomplicated; the p. was discharged recovered after 
25 days. 


Case 7. P. Giuseppe, 16 years old. 

Clinical History: Normal development. The p. was in good health until the age of 8 
years, w'hen, after a long race he suffered a sudden attack of cardiospasm and con- 
stricting pains in the retrosternal areas, lasting about 2 hours. Afterwards he suffered 
similar attacks, at first at intervals of 1 year, later every few months. 

Physical Examination: A well-developed young man in good general condition. Eadial 
pulse was full, distended, rhythmic, wdth a rate of 100/min; femoral pulse very small and 
delayed compared wdth the radial one; the carotid and axillary arteries at the aortic 
arch the base of the neck were pulsating markedly. Visible pulsations, on the back, 
bilaterally of some intercostal arteries, from the 5th to the 6th space. The apex beat was 
found at the 6th intercostal space in the midclavicular line; systohe murmur at the 
apex and, more intensely in the aortic valve area. E.C.G.; Left ventricular preponderance. 
Thoracic Eoentgenogram: A prominent and pulsating aortic arch; knotches along the 

lower borders of some ribs. . 

The p. has not yet had his operation, because at the present time we have no suitable 

graft. 


Methods and Techniques. 

Ajs said, surgical intervention, which has been successful in all cases, consisted m 
the resection of the stenotic tract followed by rebuilding with preserve 
(41, 42, 51, 52, 53). In at least 3 cases, there was an absolute indication for e use 
of homograft, for the stenosis was rather long; moreover, in 2 cases the pa len 
age (more tlian 25 years) made it possible that in the tract above t e s en 
aorta might be the seat of arteriosclerotic lesions. Finally, m our ’ 

method corresponds to all the requirements of an ideal rebuilding, o 
the graft substitutes in an exact manner for the stenotic aor ic rac , . 

sected and because, the mobilisation of the aorta being no arteries 

possible to spare all the intercostal arteries or, at least, a ^ ® ™ lonsitudi- 
which participate efficiently in the collateral circulation, m a i p, 
nal tension of the sutures is abolished. We are aware that the use 
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lias been considered ivitb reserve in relation to tbeir biological evolution, however 
we think that both the experimental and clinical results permit us to formulate an 
opinion which may be considered favourable when the following conditions are 
observed, namely that the homografts used have been resected only a short time 
and that they have been carefully preserved. 

The Glomerular Filtration Rate {G. F. R.) was determined by means of inulin 
clearance; the effective Renal Plasma Flow (R. P. F.) by means of Para-amino- 
hippurate clearance; the tubular excretory capacity (Tm) by means of Para- 
amino-hippurate (Tmp,vi,). The first two clearances were done simultaneously. 
All the investigation.-! were done in the morning with patients under basal condi- 
tions (having fasted for 12 hours) (55, 66, 35). Prior to the day of examination 
the nature of the tests and their purpose were discussed in detail so that the actual 
procedure would not cause apprehension which would interfere with renal dynam- 
ics. Preliminary to and during the test a large water intake was provided in or- 
der to maintain an adequate diuresis. After the primary injection, the plasma 
concentration was kept constant by means of a constant intravenous infusion, 
according to the technique of Smith (56). The plasma inulin level was maintained 
between 30 and 40 mgm %. The plasma PAH level was maintained between 1.5 
and 3 mgm % for the clearance and between 40 and 60 mgm % for the Tm. Three 
periods of clearance were executed, the reported results being the mean of these 
three periods. All urines were collected through a multi-eyed catheter. The bladder 
was twice washed out at the end of each period with 50 cc of saline plus 50 cc 
of air. 

Inulin was determined by the Harrison (57) modification of the Alving, Rubin 
and Miller method (58). PAH was determined by the method of Smith, Finkelstein, 
Aliminosa, Crawford and Graber (59). 

All clearances were corrected to standard surface area (in man 1.73 sq. m.). 
The renal blood flow (R. B. F.) was calculated through the formula; 

R. B. F. = Cp^n/ (1-haematocrit). 

Secretory Tm, the maximum tubular secretory capacity for PAH, is a tubular 
function, which in most circumstances is taken as measuring the mass of functioning 
tubular tissue. It may be calculated through the formula: 

Tmp^H = Up^HV~Ci„Pr,„FWi 

Plasma clearances, Tmp^s and arterial pressure (both brachial and femoral) 
recorded as Pm (mean of systolic and diastolic pressures) constituted the direct 
observations. 

The derived data are the clearance ratios and calculated resistances. The ratios 
are: (a) inulin/Pi^ or filtration fraction (FF); (b) calculated renal Blood flow per 
unit of functioning tubular tissue abbreviated as RBF/Tmp^Hi and (c) calculated 
glomerular filtration rate per unit of functioning tubular tissue, abbreviated as 
GFR/TmpA„. 

The procedure suggested by Gomez (61) (see Smith, 55) is used in calculating 
^parent re nal vascular resistances. The total renal resistance (R) is equal to the 

' F\y appears to have a value of 0.91 (Smith, 55). 
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sum ot tie segmental (series) resistaucea and. in conventional haemodvnamie l™ 

Zu?h «««^ 

Pm — Pv 


( 1 ) 


R 


Q 


1328=rE’j,+ R’^-f E,. 


where R total renal resistances; R^ = afferent resistances; RV == net efferent 
resistances; R^ = venular resistances; Pm = mean arterial pressure- Pv == renal 
venous pressure; Q = R. B. P. in cc/sec. 

The venular resistance (R^) is equal to the decrement in pressure between the 
peritubular capillaries and the renal vein, divided by the renal blood flow accor- 
ding to the formula: ’ 

(2) R, = ?i±A:zZY. 1328 

Q 

where h = the mean oncotic pressure and H = the interstitial pressure. 

The net efferent resistance (R'g) is that presented by the parallel comhinatiou 
of the efferent arteriolar segment and the shunt through the glomerulus and peri- 
tubular capillaries, according to the formula; 


(3) R’e ==-?-. 1328 

2 Q 

where; q = the filtration rate; Z — the gross permeability of the glomerular ca- 
pillaries. 

The afferent resistances (R^^), namely the resistance to the flow of blood in the 
afferent tract to the end of glomerular capillaries may be obtained by the forrauls 
(1) (R = Rj, -f R'e + Rv)i knowing all the other terms. 


Results. 

Tie Pre-Operative Study. 

In aU OUT cases, the pressure values were characteristic of coarctation of the aorta 
(Table I, Ila, Ilia) both in upper and in the lower extremities. The hypertension 
verified may be classified into the systolic-diastolic hypertensive group (the largest 
group in coarctation of aorta), the systolic and diastolic pressures being both above 
normal in the arm (62, 63, 64 65), Moreover, the diastolic pressure in the lower 
extremities was relatively increased in all the 4 cases in which it was measured, and 
also absolutely increased in 2 of them (the 4th and 5th case). Consequently, the 
differential or pulse pressure below the stenosis was much lowered. 

Considering now the pre-operative results of renal function tests, we may dnide 
them in 2 groups, according as R. P. F., R. B. F. and F. F. are within the ranges of 
normality or not. 

The first one (first 3 cases) may be characterized therefore by the following con- 
ditions; normal value of the G. F. R.; deviation in the lower ranges of the effecth e 

R. P. F. and R. B. F.; normal F. F. 

In the second group (last two cases) this tendency to the lowermg of the elec- 
tive R. P. F. and R. B. F. is accentuated so as to reach pathological values. The 
G. F. E. remaining normal, F. F. is remarkably increased. Because these changes 
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Table IL 

Mean f re-operative data {divided into 2 group,) in relation to the normal 
(a) Direct Obserration. 


rnnction 


G. F. E. 

Mean . 

CO per 
1,73 m\ 

Range 

R. P. F. 

Mean . 

CO per 
1.73 

Range 

E. B. F. 

Mean . 

ee per 
1.73 m= 

Eange 


3Iean . 

mg per 
1.73 m= 

Pm mm 

Hg. Mean . 


(upper limbs) 

Eange 

Pm mm Hg. 3Iean . 
(lower limbs) 

Eange 

Pn mm Hg. 3Iean . 
(upper Um^) 

Eange 

Pn mm Hg. Mean . 
(lower limbs) 

Eange 


Xormal 

Ist Group 

i 2Dd Group 

120 

117 

119 


119—122 

117—122 

GSS 

609 

432 


581 — 651 

400 — 505 

1,100 

1,028 

7S9 


976-1,085 

727 — S-52 

S2 , 

1 

1 

S5 

1 

05 

i 155 

150 


' 142—172 

142—357 

100 

85 

91 


77—92 

S7— 95 

70 

lOS 

108 


90-125 

95-129 

73 

75 

So 

{ 

75 

So 


(b) Derived Values 


Punction i Xonnal ' 1st Group 2nd Group 

— ' : — — — i 

f f 


F. F. 

3Iean 

Range 


0.193 

0.1 S3— 0.209 

0.269 

0.232— (>.305 

R 

s lO^ 

Mean 

Increment 

Range 


5.S90 

wi% 

O.SIO — 5.9S0 

8.430 

iSi o’ 

7.520 — 9.350 

E.V 

s 10-’ 


2.100 

l.SSO 

2.960 



— 10% 

-i-40% 



1 ^*7^ .9 

2.65^ — 3,-TO 

E'e 
r 10-= 


1.660 

1.920 

2.560 

Increment 


•f 15?o 

l.SOO — ^2.015 

_L O' 

i -r 



1.S70 

2.0S0 

! -2.S00 

-V 10-= 

Increment 

Range 


-7-11% 

1.930—2.210 



resembled those in the essential hypertension (36), vre investigated the Tropm 
in the 5th case tvith the most altered R. P. P. and F. F. and have found ii to be 
normal. Consequently the derived ratios were as foUotvs: GFR/Tra was normal 
and E. P. F. was decreased. 


' onlv 1 case. 
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The same division into 2 groups appeared in the field of the apparent renal 
resistances calculated indirectly through Gomez’ formulae (Gl). In the first group 
the total renal resistances R and the single ones E-ajR'e "^'ere within the 

normal range with a slight increase of Ry (Table II b). In the second group the 
total resistances were increased, this increase affecting more the venular and effer- 
ent segment, than the afferent one (Table I, Table II b). 

The Post-Operative Changes. 

After surgical intervention, the pressure values tended to become normal in all 
cases (Table I, Table III a). In particular brachial pressure tended to become lower 
and the femoral one to rise; moreover the pulse pressure below the stenosis tended 
to become normal. However some pressure abnormalities remained after operation. 
The mean and systolic pressures remained higher in the upper than in the lower ex- 
tremities in aU cases but one. The mean pressure was also higher in our patients 
than in normal subjects of the some age. 

Table HI. 


Posl-operalive changes. 

(a) Pressure changes (mean of all cases) in relation to the normal values. 



1 Upper Extremities 

1 Lower Extremities [ 

1 

Ps 

Pn 

Ps i 

Pn 

Pre-op. Mean 

200 

! Ill 

1 : 

1 93 

[ 78 

Post-op. Mean 

' 142 

77 

136 

88 

i Increment ! 

! -29% 

-30% 

+ 32 % 

+ 11 % ) 

1 Normal Mean } 

120 1 

70 

127 

73 1 


(b) Post-operative changes of renal data (less than + 10 % = unchanged) 


1 

Function 

! 

1 

1 

Number of cases 


Increased 

Decreased 

Unchanged 


1 

0 

2 


3 

0 

0 

R. P. F 

3 

0 

0 

F. F 

0 

2 

1 

R 

0 

0 

3 

Ba 

2 

0 

1 



0 

2 

1 

By 

0 

3 

0 


The post- operative modifications of the renal function were uniform in the 3 
cases studied (Table III b). In all cases an increase of the R. P. P. and R. B. F. 
was observed, but the amount of this increase was variable. The increase, for 
example, was slight in the cases in which the R. P. F. and R. B. F. had been in 
the normal ranges pre-operatively; in the case in which these functions had been 
excessively low, the increase was remarkable (Table I). 
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Considering the changes of the calculated values, we see that the F F h.™™ 
normal in the-3rd and 4th case in which it was increased. The total renal resistane 
were praetMy unehenged (Table m b) both in tbe c«es in “ “ 

mal, and in the case in which they were increased. There was however a chanse 
m segmental resistances, characterized by a decrease of the venular and effereL 
resistances and an increase of the afferent ones. 


Discussion. 

The pre-operative pressure data in our patients, namely a systolic-diastolic hy- 
pertension in the upper limbs and a very low pulse pressure in presence of normal or 
elevated diastolic pressures in the lower limbs, show that hypertension cannot 
result solely from the mechanical condition of aortic stenosis, but from a com- 
bination of this with another factor, probably a humoral or neurogenic one which 
increases the peripheral resistance and the diastolic pressure. According to many 
authors this increase could be produced by a relative renal ischaemia or a dimin- 
ished pulse pressure in the kidneys through a situation analogous to the hyperten- 
sion determined by the Goldblatt kidney. Therefore, leaving undiscussed the 
general problem of the renal genesis of essential hypertension in humans, which is 
criticized by many recent authors (Smith (55), pages 745 — 51; Melli (73)), ue 
have studied whether there was a pathogenic relationship between our renal data 
(and those of the preceding authors, 16, 34, 37, 39) and the genesis of hyper- 
tension. 

Before discussing the detailed results, we must stress that, although we have 
found some alterations in renal function, our data show that: (a) these renal changes 
were not constantly present in all patients, some cases being within the norma! 
ranges, though the diastolic hypertension was constantly observed; (b) these 
changes were reversible with the correction of the mechanical condition. Therefore 
in consideration of the divergences in the pre-operative results in renal function, 
we have divided our patients into 2 groups. 

The results in the first group agree with those of Harris et al. (16) and Barker & 
Clark (39). The tendency for K. B. F. to be low indicates a functionally small kid- 
ney, perhaps as a result of the long standing changes in blood pressure. This 
reduction is however very slight (in the lower ranges of normal) and the Iddney may 
have a normal G. F. R., without a significant increase in the efferent resistances and 
consequently in the F. F. Such data and such an interpretation suggest that in 
these cases the changes in renal dynamics play no role in the alterations in blood 
pressure and represent a secondary side of the general haemodynamic pattern m 

coarctation of the aorta. _ /. f 

The findings in the second group agree with those of Friedman et al. (34), benes 
et al. (37) and with the 4th case of Harris et al. (16) (we must stress however tha 
these first two groups of authors have not measured the total excretory mass). 
The very low R. B. F. and the high F. F. show that the reduction of the blood flow 
is accompanied by an afferent arteriolar constriction. In fact the total renal resjs - 
ances are increased, this increase being more accentuated in the venular and etter- 
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ent segments. Bememlaering that; (a) any increase in the efferent segment is 
accompanied by an increase in glomerular pressure and consequently in the B. B.; 
(b) that on the contrary, when the renal blood flow is reduced, by pure afferent 
constriction the filtration rate decreases; (c) and also that the increase in venular 
resistance increases the pressure in the peritubular capillaries and opposes the 
reabsorption of water, leading to an increase in the interstitial fluid (Smith 56); 
we may say that the renal pattern of these cases in the 2nd group is characterized 
by a reduction of the renal blood flow, accompanied by an increase in the efferent 
resistance which causes a compensatory increase in the filtration fraction and 
therefore a normal filtration rate. The reason for these modifications is not clear 
and it is impossible, even by a careful analysis of all the data, to draw a definite 
conclusion as to their nature. Some authors (16) affirm that these changes may be 
attributed, totally or partially, to some emotional factor, as for example, fear in 
the course of experiment, which is Icnown to effect strongly the R. B. F., but we 
think that this interpretation is too simple and not very probable. The incidence 
of these changes (34, 37) in coarctation of the aorta is very much higher than the 
incidence of the fear reactions in patients studied with the same technique for 
other conditions. Moreover, our patients did not present the alarm syndrome 
described by Smith (55), but they remained still, throughout the experiment. Our 
interpretation is that these changes must be considered in the general pattern of 
changed arterial pressure (reduction of blood flow and of pulse pressure) below the 
stenosis, the increase of renal efferent resistances and of the F. F. representing a 
compensatory mechanism which permits normal G-. F. R. in face of reduced 
R. B. F. 

But though having interpreted these data as significant of a »renal ischaemia#, 
may we; (a) ascribe the genesis of hypertension to it and (b) liken the renal pattern 
observed by us in coarctation of the aorta to that characteristic of essential hyper- 
tension, as Friedman et al. (34) and Genest et al. (37) have done? • 

In regard to the first question, there is a considerable disagreement as to whether 
renal ischaemia per se is the initiating factor in renal hypertension. For example, 
Corcoran & Page (46) have found that renal dynamics may be normal in dogs 
made hypertensive by renal artery constriction or perinephritis. Alpert & Lilien- 
thal (68) have found that a high protein diet increases the renal plasma flow and 
filtration rate in dogs with experimental hypertension in a manner which is indis- 
tinguishable from the normal animal, another fact which argues against renal 
ischaemia as the primary factor in the genesis of this type of hypertension. Moreover 
the studies of Rodbard & Katz (69), Stamler et al. (70, 71) on the depressor re- 
sponse to inflammation, have shown that the decrease in blood pressure, determined 
by inflammation, is not directly dependent upon the relief of renal ischaemia. 
Finally, Friedman et al. (72) as a conclusion of their experiences, infer that renal 
ischaemia is neither the initiating nor' the maintaining factor in experimental 
h}q)ertension. 

lYith regard to the second question, our cases show a renal pattern that may be 
hkened m some respects to that found in essential hj^ertension (36), namely a 
low R. P. F. and R. B. F., with an increase in F. F. and in renal arteriolar resistances. 

4 5i00G3. ActamecLScandinav. Vol.CXLVIII. 
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However, we must Temember that the most startling and distinctive change effect 
ed m the kidney by essential hypertension (56, 37, 73) is a decrease of thf tubular 
excretory mass. This reduction of Tm^.u would depend on a diminution oft 
specific excretory function of every tubule rather than on tubular obstruction or 
obhteration (Smith (55), pages 721—2). As a consequence, in essential hypertcn- 
sion the derived data GFR/Tnop,,, and RPE/Tmp,„ are remarkably anl chac- 
acteristicaUy increased, R. P. P. and G. F. R. being much less effected than Tmp 
Therefore we, as Harris et al. (16), in the 5th case in which the R. B. F. andF.F. 
showed changes like those of essential hypertension, have measured also TmPAH, 
findmg that Trap^n and GFR/TrapAn were normal and BPF/Tmp,^ji decreased! 
Finally, in essential hypertension, the increase in the renal resistance involves 
mostly and characteristically the afferent segment (55, 61) while in our cases the 
increase affected more the efferent and venular segments. Therefore, we cannot 
liken the hypertensive renal pattern to that observed in these cases of coarctation 
of the aorta. 

The post'Operative study of our cases show that intervention, removing the 
mechanical conditions, is followed by a tendency to return to normal of the pressure 
modifications and of the alterations of renal resistance and by a return to normal 
of the renal function. Therefore, the pre-operative renal changes (a) are functional 
and not anatomical; (b) they are secondary to the general haemodynamic changes. 


Conclusions. 

The pre-operative diastolic hypertension verified in our patients as in the greater 
number of cases of coarctation of the aorta, shows that the genesis of this hyper- 
tension cannot be attributed only to mechanical conditions. Leaving undisoussed 
the theoretical question whether renal ischaemia may he the cause of essential 
hypertension (criticized by many authors) we have found that the diastolic hy- 
pertension in coarctation of the aorta cannot be explained by the renal alterations 
observed by us and other investigators. In fact: (a) these alterations were not con- 
stant, though the diastolic hypertension was constantly present in all cases; (b) 
they depended functionally on the mechanical conditions being corrected by 
their removal. Moreover, these renal changes cannot be likened to those observed 
in essential hypertension, because the tubular capacity was conserved and the seg- 
ments in which the renal resistances were further increased, were the venular and 
efferent, not the afferent ones. 

Our interpretation of these findings is that these renal changes, when they are 
present, must be considered as a part in the general haemodynamic pattern 
the stenosis, characterized by changed arterial pressure and reduction of the oo 
flow. The increase in renal efferent resistances and in F. F. represents a compensa- 
tory mechanism, which permits normal G. F. R. in the face of the reduced . 
From our data, however, we cannot determine the pathogenesis of all these revers- 
ible haemodynamic changes below the stenosis (in which we include the rena 
ones) and whether they depend on a neurogenic factor or on a humoral (not a 
renal) one. 



RENAL FUNCTION IN COARCTATION OF THE AORTA. 

Summary- 
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The authors report their pre-operative study of renal function in 5 cases of coarc- 
tation of the aorta and the post-operative study of 3 of them. 

The systolic-diastolic hypertension in the upper limbs and the low systolic and 
low pulse pressure in the lower limbs tended to become normal after surgical 
intervention. 

On the basis of the renal results, the authors have divided the patients into 2 
groups according to whether the R. P. F., R. B, F. and F. F. are within the normal 
ranges or not. The first group was characterized by a R. P. F. and R. B. F. in the 
low normal ranges and by a slight increase of the efferent resistance and decrease 
of afferent resistance; all the other data were normal. The second group was 
characterized by a decrease in R. P. F. and R. B. F. and an increase in F. F. and 
in total renal resistances, more accentuated in the efferent and venular segments. 
The other functions (including in one case Tmp^j,) were normal. Surgical inter- 
vention normalized the renal conditions. 

Though the diastolic hypertension shows that the genesis of hypertension in 
coarctation of the aorta cannot be ascribed to the mechanical block only, the anthors 
believe that the renal pathogenesis must be excluded. In fact; (a) the renal changes 
were not constant, though the diastolic hypertension was constantly observed; 
(b) they were dependent (on a functional ground) on the mechanical conditions, 
being corrected by the surgical intervention which removed the obstacle. Finally, 
the renal changes observed cannot be likened to those of essential hypertension, 
because the tubular capacity is conserved and the segmental resistances more affect- 
ed are the efferent and venular ones. 

The genesis of these renal changes is discussed; the authors believe that they must 
be considered as a part of the general haemodynamic pattern below the stenosis 
but it cannot be determined whether they depend on neurogenic or humoral 
(not renal) agencies. 
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Hypopotasseiilia in H3'perparatIiyroidisiii. 

By 

L. E. BOTTIGER. 

(Snbniitti'd for publication August 17, 1953.1 


An increasing interest in hyperparathjroidism is to be noted ever since the 
middle of the 1920’s. In Sweden, the diagnostics, therapy and prognosis of hyper- 
parathyroidism were closely studied by Hellstrom. In 1947, Norris made a com- 
pilation of no less than 322 cases. He ends up by declaring that, at least during 
the following ten-year-period, every case of hyperparathyroidism (hp.) should 
be published in order to render possible a recognition of all the diverse forms in 
which this disease may manifest itself. 

It is not my intention to account for this disease as a whole (see, e. gr., Hell- 
strom 1950, Norris 1947), only to present some views on the subject because of 
a recently treated case that may have some general interest. 

Hospital Record Ho. 79011952. T. W. A female, born in 1885, who had been healthy 
and fit for work all her life, except for an operation owing to renal calculi on the right 
side in 1934, and on the left side in 1941 (on both occasions nephrolithotomy). In 1947y 
onset of articular troubles and pyrexia. Her condition was interpreted as a rheumatic 
fever and she was nursed at home for 8 months. According to her own statement, she 
had had no swollen joints, but a severe pain in the joints and musculature. In the 
Autumn of 1949, a renewed phase of pains, and likewise in 1950. Admitted to home 
district hospital in 1950 under the following diagnosis: polyarthritis chron. -{- cystitis 
chron. At the time she suffered from a slightly restricted ability to move the knee joints 
and crepitations. No tenderness nor restricted mobility in the other joints. Sedimentation 
rate: 61 mm/hour, non-protein nitrogen 47 mg % and a positive Heller reaction. After 
this she was nursed at a home for convalescents under the same diagnosis. Slight im- 
provement from physical therapeutics. Readmitted to home district hospital in the 
Spring of 1951. Again suffering from articular pains without any swelling or restricted 
mobility'. Slightly elevated blood pressure (170/90), a high sedimentation rate (83 mm/ 
hour) and albumen in urine. Myelomatosis is suspected though not verifiable. Blood 
calcium 12.3 mg %. Diagnosis: polyarthritis chron. -{-nephritis chron. osteoporosis. 

The patient was^ admitted to the Medical Clinic of the Caroline Hospital in April, 
1952. She had, during the past year, been confined to bed owing to pains and weakness 
in the joints, and had been unable to use her legs. She had throughout a subfebrile tem- 
peratine. On and off infections in the urinary tract. Sluggish evacuation. No cardiac 
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Fig. 1. ECG before (left) and after (right) tlie operation. 

troubles. At the admission, the patient was tired and weak, being hardly able to speak 
and concentrate. Nevertheless, she knew her whereabouts and was mentally clear. 
Unable to stand on her legs and almost too weak to move in bed. Physical examina- 
tion: Normal heart. Blood pressure 155/80. Normal lungs, abdomen and reflexes. The 
joints: at palpation a tenderness in the right wrist as well as round the knee joints. No 
swollen joints, no restricted mobility. No faulty positions. Laboratory findings: Temp. 
37.7° C, sedimentation rate 45 mm/hour. Blood: Hb 70 %, KBC 3.30 million. WBC 
19,300 with normal diff. Urine: Heller positive. Esbach not registrable. Urinary sedi- 
ment: abundance of white blood corpuscles, otherwise nothing noteworthy. Spec, grair-ity 
1,010. NPN 58 mg %. Negative agglutination reaction for polyarthritis. AST and asta 
without remark. 

Lung X-rays showed minor bronchopneumonic densities basally on the left side. It 
was decided to deal with them and the infection in the urinary tract first, but the pa- 
tient found it difficult to tolerate sulfa and antibiotics. She was subject to strange spells 
of weakness when she suddenly appeared sworn out*, mentally as well as physically. 
These socalled fits occurred for no obvious reason, often several times daily. 

Continued examination revealed a general marked osteoporosis of the skeleton, bat 
no roentgenologic signs of polyarthritis, also an ECG such as is seen in hj'popotassemia 
and hypercalcemia (Sjostrand 1951, Carlsten 1953) (see Fig. 1). 



IIVPOPOTASSEJIIA IX JIYI’KRPAUATlIYltOlDISil. <'>o 

A (loser analysis of the blood electrolytes gave the following values: Potassium 12.5 
mg %, calcium 15 mg %, sodium 336 mg %, phosphorus 6. i mg % and alkali reserve 
23 mmol HCO3. 

Firstly, potassium acetate was administered per os at a dosage of 3 g/daily, and con- 
siderably improved her general condition. Also the EGG changes were temporarily nor- 
maUzed after a single dose of 10 g. KCL per os (cp. Carlsten, where the ECG-changes are 
reported in detail). 

A check-up of the blood calcium value showed 14 mg %. 

The history of renal calculi and the renal injury, osteoporosis, adynamia and the 
liigh calcium value in the blood present a picture of hyperparathyroidism. Surgery was 
proposed in spite of the severe renal injury with continuous albumimrria and strongly 
reduced capacity to concentrate (spec, gravity 1,009 — 1,013) as well as an elevated 
non-protein nitrogen (between 50 and 70 mg %). At the operation, performed by Pro- 
fessor Hellstrom on July 4th, 1952, a parathjroid adenoma, the size of a Brazil-nut, 
was removed from the left side. Patho-anatomic diaposis (Lindberg) disclosed a para- 
thyroid adenoma consisting largely of main cells without any sign of mahgnancy. 

In the after-course, low calcium values and convulsions. The administration of cal- 
cium and fortedol caused a gradual normalization of her condition. After physical 
therapeutics, the patient could be discharged -in the beginning of October 1952. She 
could then be up and about without much inconvenience. 

At a control examination in March 1953, she had a non-protein nitrogen value of 104 
mg % after an infection in the air passages. This value went down to 50 mg % after 
hospitahzation. Heller was positive. Blood pressure 160/90. Blood calcium 10. 0 — 11. s 
mg %. Blood potassium 15.3 mg %. Sedimentation rate 61 mm. She was up and able 
to take care of herself and to go for short walks outdoors. 

Summary: 

The report concerns a female of 67 years w'ho had been operated upon twice 
before for renal calculi, and had been subjected to articular troubles more than 
5 years after the last surgical intervention. Her joints were neither sw'ollen nor 
deformed, but painful when moved and tender at palpation. She had a high 
sedimentation rate and occasionally an elevated temperature, and had several turns 
of hospitalization under a diagnosis of rheumatic fever and chronic polyarthritis. 
She was admitted to the Caroline Hospital, after having been confined to bed 
for a year without being able to stand on her legs. A general osteoporosis and 
high sedimentation rate were observed as well as renal injury, but no signs of 
a polyarthritis. On the other hand, a severe electrolytic disturbance was noted, 
ascertained at closer analysis as due to hyperparathyroidism. She was subjected 
to an operation in spite of unsatisfactory renal function, a parathyroid adenoma 
being removed. After a few months, she was discharged as much improved and 
up and able to take care of herself. 


Discussion. 

The prognosis of hp. is highly dependent on an early diagnosis so that surgery 
can be performed before the organ changes have become irreversible. As empha- 
sized by Hellstrom, the extent of the renal injury is decisive in this connection, 
while the skeletal changes seem to be of a subordinate significance. 
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The symptoms in hp. are generally classified in three groups; 1) skeletit 
toms, 2) urinary tract symptoms, and 3) general symptoms due to hypercalcLii!' 

Especially the cases referring to group 2 (i. e. those with renal injury) are 
nowadays more often diagnosed early on account of the general knowledge that 
renal eahidi, often bilateral and recidivating, are common manifestations of hp 

As to the cases with skeletal symptoms, at an early stage of the disease a 
typical osteitis fibrosa generalisata is not to be expected. These must be regarded 
as advanced cases, and seem to have become more and more rare in the past 
few years. The early symptoms from the skeleton are uncharacteristic. D. Barr 
(1947) writes in the Oxford Medicine that the most constant symptom is a pain 
localized to bones and joints and that this pain can simulate an early arthritis, 
Perrow (1950) states that the usual symptom is articular pains, generally in the 
form of a moderate ache in the back and hips. Further, the muscular weakness 
is typical. An X-ray examination of the skeleton reveals a diffuse decalcification, 
as a rule without any special characteristics. 

An ache in the joints and muscles, weakness and difficulty in moving, as irell 
as a skeletal decalcification are all symptoms usually connected with a chronic 
polyarthritis or arthrosis. 

An osteoporotic form of hp. may therefore in many respects resemble an early 
rheumatoid arthritis or arthrosis. This particular case had in fact been rcraitted 
as a subchronic polyarthritis, and the same applies to many other cases reported 
in the literature. 

This resemblance to the symptom complex of rheumatoid arthritis has been 
pointed out earlier (particularly in reports on hp., but less frequently, if at all, 
in descriptions of rheumatic conditions). Still, in my opinion this must again 
be emphasized. Just as nowadays an increasing number of hp. cases are detected 
among those suffering from renal calculi, an intensified attention to the pos- 
sibility of this differential diagnosis, should result in the finding of some cases 
of an early hp., while stUl amenable to radical surgery, from the large group of 
patients with unidentified joint troubles. 

It may be of interest to note that the role of the parathyroid in the origination 
of the genuine rheumatoid arthritis has been discussed, and that even para- 
thyroidectomy has been resorted to in cases of rheumatoid arthritis without any 
signs of hp. In 1949, Lievre gave an account of this question. He concluded, how- 
ever, that the successful cases submitted to this operation do not justify the 
assumption that hp. should be the cause of any case of genuine rheumatoid ar- 
thritis. . , 

Another point of interest in the present case is the electrolytic disturbance. 
The patient had hypopotassemia at admission, with EGG changes and tj-pical 
clinical manifestations, viz., pronounced muscular hypotonia and weakness, as 
weU as mental asthenia with difficulty to concentrate. Her condition improvcc 
considerably through the administration of potassium per os. After the ’ 

when the serum-calcium value had been normalized, she showed a normal ser 
potassium value and a normal EGG and likewise at follow-up examination nine 

months later. 
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What was the reason for this hypopotassemia? Prior to her admission the 
patient had had no pathologic fluid losses, such as vomiting fits, diarrhoea, etc., and 
had a normal diet. Nor had she of late obtained any form of medicinal treatment. 

The hypopotassemia must then be attributed to the basic disease, hj^erpara- 
thyroidism, whether directly or via the renal injury. 

As the patient, in spite of no change in the inadequate renal function, disclosed 
a normal serum-potassium value after the intervention, the renal injury was 
probably of no significance in this connection. 

Normal neuromuscular excitability and normal cardiac activity, etc., call for 
a normal relation between the potassium and calcium ions (as well as other ions). 
Potassium and calcium are in several instances antagonists in regard to their 
physiologic effect. Potassium yields ECG-changes, at too high as well as at too 
low serum values, and effects the excitability of the nervous system. Hypocal- 
cemia has a typical ECG and leads to tetany, whereas hypercalcemia causes but 
slight ECG changes and has no effect on the nervous system (Anning 1948, Mer- 
rill 1952). A probably genuine hypercalcemia can be studied at calciferol poison- 
ing. The most usual symptoms in this disease are thirst and a lack of appetite, 
vomiting and fatigue (Anning et al. 1948), while none of Anning’s 35 patients 
with toxic symptoms manifested a muscular hypotonia. 

Muscular weakness, hypotonia (adynamia) and mental asthenia are, as is known, 
symptoms typical of hp. and are, as a rule, attributed to tlie hjq)ercalcemia as 
such. However, this does not agree rvith the observations made in cases with 
calciferol poisoning, nor with theoretical expectations. I should therefore, on the 
basis of the present case, suggest that these symptoms of hp. may, conceivably, 
be due to a hypopotassemia, being a part symptom of the electrol)d.ic disturbance 
in hp. I have only in one instance of hp. in the literature found recorded values 
of serum potassium which in that case were low (between 3 and 4 mekv/lit). 

A hypopotassemia in hp. might even conform to the mental asthenia and, 
perhaps, with the more serious mental symptoms described in a few cases (cp. 
Nord. Med. 1953, 49: 723). Eitinger (1942) gives an account of a case of his own. 
and reports 7 cases from the literature. He states that the mental S5unptoms in 
hp. are uncharacteristic, drowsiness and slackness being common to most of them 
(in 7 out of 8 cases) as well as dullness (in 4 out of 8 cases). The behaviour of the 
woman under his observation entirely agreed with that of my patient before 
operation. Also Oliver (1939) and Eitz & Hallman (1952) report similar cases. 
They all have in common a complete mental recovery after the surgical inter- 
vention. 

As may be seen, these pictures conform in the majority of cases with what is 
to he noted in hjqiopotassemia. 


Suiniiiary. 

One case of hyperparathjuoidism in an elderly woman is described. 

It IS pointed out that these cases are often for a long time misinterpreted as 
rheumatic diseases. 
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The present case had a pronounced hypopotassemia. The question n-hethet a 
hypopotassemia can be a part symptom in hyperparathyroidism and whether it 
be at the bottom of some of the physical as well as mental symptoms is discussed. 
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Suprasternal Puncture of tlic Left Atrium for Fioiv Studies. 

By 

STIG- RADNER. 

(Submitted for publication August 18, 1953.) 

Suprasternal puncture of the thoracic aorta is being used as a routine method 
in our laboratory for studying the outflow hemodjmamics of the left heart. The 
technique was described by the present author in 1953. 

While performing aortic punctures, the needle was occasionally passed through 
the space between the aorta and the trachea. At the bottom of this space the 
resistance of the left atrium might be felt and its cavity punctured. 

Post mortem studies were performed on more than fifty corpses, wdth thoracic 
organs left in situ, and the left atrium was found to be accessible for direct punc- 
ture from the suprasternal fossa in all of the cases. After the anatomical studies 
had been completed, the present technique of left atrial puncture was applied in 
living subjects for investigating the inflow hemodynamics of the left heart. 

Aiiatomic.al Notes. 

The left atrium is situated in the midline, crucified by its venous extremities 
in the pulmonary hili, and surrounded by two sets of tubular structures and cavi- 
ties (Fig. 1). The main bronchi straddle over its posterior part, and between the 
bronchi it is curtained by the descending aorta, the oesophagus and the right 
pleural cavity — the posterior relations. The anterior part of the left atrium is 
embraced by the ascendent aorta, the bifurcating pulmonary artery, the superior 
vena cava and the right atrium — the anterior relations. Between the two groujis 
of structures there is a space which permits the extrapleural and extratubular 
approach to the left atrium from the suprasternal notch. The transverse sinus of 
the pericardial sac covers the upper part of the atriunr behind the j^ulmonary 
artery, and puncture is made through the sinus in most cases. 

Supnistoriial Ncp.dlc. 

A special double needle is used (Fig. 2). It consists of an outer needle attached 
to a three-way tube, and an inner needle which is inserted into the outer through 
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this tube The internal diameter of the inner needle is 0.26 mm and same rli. * 
of the outer is 0.6C; the external diameter of the outer needle is O .80 mm 
tip of the inner needle projects for about 2 mm outside the outer ivhich is obi;?,? 
cut and streamlined. The free length of the outer needle is loVmm ’ 



Fig. 1, Drawing to show the anatomical relationships ot the left atrium. Arrows indicate the direction 
of suprasternal punctures of the aorta and the loft atrium. T. == Trachea. D. b. = Left main bronchus. 
P. a. = Pulmonary artery, cut to show first part of its right branch. 


The three-way tube has one stop-cock on each limb to permit infusion, aspira- 
tion and pressure measurement through the outer needle. For recording pressures, 
its proximal straight limb is connected with a Tybjaerg Hansen manometer by 
means of a short piece of a Cournand catheter No. 7, and a canalized bayonet 
knob. Before puncturing, a one cc syringe is attached to the inner needle for 
flushing and aspiration. 

Technique. 

Premedication is not necessary. The patient is placed in a supine position, with 
the head bent slightly backwards and turned to the left. Local anaesthetic without 
adrenalin is injected from the point of entrance through the skin in front of tlic 
trachea, and towards the aortic arch, but not below this level. The double needle 
is inserted in the midline 3 — i cm above the upper border of the sternum, if it 
is inserted into the bottom of the suprasternal notch the skin forms a pursing fun- 
nel around it. ^ 

The needle is directed along the anterior border of the trachea, and posteriori} 
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to tlie aortic arch whicli is felt pulsating at a depth of about 1—6 cm below the 
suprasternal fossa. A slight digital pressure on the trachea may be necessary to 
■c^uide the needle into the desired space. Here the needle goes smoothly downwards 
und, passing the tracheal bifurcation, it reaches a membranous and softly pul- 
sating resistance at a depth of about 8—16 cm. This is punctured, and blood is 



Pig. 2. Suprasternal needle with accessories. A = Inner needle with hayonet knob for the outer needle, 
and fitting for sjTingo or canalized knob of catheter. B = Outer needle attached to three-way tube. 
Infusion of saline solution from pressure bottle through rubber tubing connected with transverse limb 
of three-way tube. C = Catheter with canalized bayonet knob for straight limb of three-way tube or 

for fitting of the inner needle. 

aspirated through the inner needle to determine its position; same determination 
may be achieved by pressure measurement, although damping prevents accurate 
recordings to be taken through the small caliber of the inner needle. Mow studies 
are made through the outer needle, after the inner has been withdrawn. 

Eesults. 

Suprasternal puncture of the left atrium was performed in five cases for flow 
studies. No complications were encountered. Although no premedication was 
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given the puncture was almost painless. One example of the pressure curves oh 
tamed from the left atrium is shown (Pig. 3). i . i « tunes oh- 

Our material is small so far, but it was considered sufficiently large to confirm 
chmcally our post mortem experiences, which, in turn, seem to form a reliable 
anatomical basis for continued routine use of the method. 



Fig. 3. atrial pressure cur^e obtained with the preacnl technique in a ca90 of pure mitral stenod'. 


Comments. 

Information of the flow characteristics of the left atrium is of primary interest 
for the surgical management of cardiac disease. The pulmonary wedge pressure 
curves are widely used as an indirect way of obtaining such information. It has 
been repeatedly observed, however, that the wedge pressure does not constantly 
represent an accurate reflection of the left atrial pressure. Direct methods of pres- 
sure measurements therefore have been proposed. In 1953 Allison and Linden 
suggested the abronchoscopic measurement of the left auricular pressures; the 
atrium was punctured through one of the main bronchi. In the same year V. 0. Bjork 
tried a paravertebral access to the atrium; a needle was introduced porcutaneously 
through an intercostal space at the atrial level. Additional experience with the 
two methods seems to be needed before conclusions can be drawn as to their use- 
fulness for routine work. 


Summary. 

A new technique of direct puncture of the left atrium was applied in five cases. 
The puncture was made with a special needle from the suprasternal fossa through 
the space between the trachea and the aortic arch. No complications were cn 
countered. 


Roforences. 

Allison, P. E., and Linden, R. X: »The Bronchoscopic Measurement of 
Pressare.>, Circulation, Vol. 7, p. 669. - Bjork, V. 0.; Unpublished f 
— Radnor, S.; »Method for Recording Aortic Pressure Pulses-), Scand. Journ. Win. . 

Laborat. Invest., 1953, in press. 
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Does Rapid Dehydration in Cardiac Decompensation 
Produce Thronihoeiiibolic Complications? 

By 

JOHANNES GOimSEN.' 

(Siilimitted for pnblication Angnst 19, 1953.1 


The aim of the present investigation has been to ascertain the frequency of 
thrombosis and embolism in rapid dehydration in cardiac decompensation cases. 

The risk of thrombosis in old bedridden patients with heart disease is well 
known. It is possible that a very intensive therapy witli rapid dehydration may 
augment the tendency to thrombosis. 

The therapeutic means of treating the decompensation are confinement to bed, 
oxygen, a salt-poor diet, digitalis, purine derivates, and mercurials, possibly com- 
bined with intermittent acidosis therapy. The two extremes in the principle of 
treatment are (1) conservative treatment, where bed rest, a salt-poor diet, and 
perhaps digitalis by mouth cause dehydration. A large amount of edema fluid 
may be excreted in this way. (2) Active treatment, in which the body is quickl}’’ 
saturated with cedilanide intravenously, and during the first few days, mercury 
diurectics are injected intravenously in addition to the therapy mentioned under (1). 

The first-mentioned treatment causes gradually increasing urine output in the 
course of 4 — 7 days (in some few cases up to more than 3 litres daily). In the sec- 
ond type of treatment a rapid, sometimes violent, increase in urine output occurs 
in the first few days, followed by considerable fluctuations of fluid loss. Nausea, 
sometimes vomiting and diarrhea after the intensive therapy will further cause 
changes in the electrolytic and viscosity conditions of the blood. 

About the mode of action of the drugs little need be said. The chief action of 
the digitalis preparations is on the heart. Cedilanide injections do not primarily 
increase filtration or salt excretion. Mercurial diuretics have the effect of enzyme 
poisoning in the renal tubules, lowering the absorption of chlorine, sodium, potas- 
sium, and magnesium. The filtration rate does not improve primarily, and is 
reduced by overdosing. The purine derivates increase the rate of filtration. 


^ Dybendalsvei 10, Copenhagen E. 
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^ The general minor effects of these drugs will not be discussed 
IS concerned with the question of how a really intensive therapy 
to cause thrombosis and embolism. 


here. This paptt 
can be conceived 


Three mam factors are of importance in the causation of thrombotic vasculu 
phenomena: local vascular changes, lowered rate of circulation (which cannot 
alone cause the thromboses), and changes in the Auscosity and mechanism of coag- 
ulation of the blood. The two latter factors are probably the most important. 

The various authors disagree as to the primary cause of the thrombosis. Tliev 
use divers, often inaccurate, methods in their investigations. In addition, there 
remain factors in the pathogenesis of the thrombosis which have not been investi- 
gated. 


Russek and Zohman have correlated the risk of thrombosis with the amount 
of fluid lost. S. Pere showed that novurite causes a reduction of the coagulation 
time of the blood which is proportional to the diuresis product. Marvel and Shul- 
lenberger think that a rapid output of large volumes of fluid increases the risk of 
thrombosis and embolism. Hemoconcentration and increased viscosity (perhaps 
also electrolytic changes) must here play a part. 

Other authors attribute to digitalis and the mercurial compounds a direct 
influence on the coagulation of the blood. De Takats et al. state that digitalis acts 
as an antiheparin, ilassy et al. that digitalis reduces the coagulation time, Secher 
that digitoxin shortens the coagulation time in mtro in normal patients. 

Maoht found (in experiments on animals) that mercury diuretics had a pro- 
nounced »tbromhoplastic» effect. Pere thinks that it is presumably due to a seeping 
of thromboplastinogen (not measured) into the bloodstream which favours the 


mechanism of coagulation. 

Beaumont and Lenegre consider combined treatment with digitalis and mer- 
curial diuretics risky. Among 26 patients they found 14 cases with thromboembolic 
complications. Six were fatal. The patients had an increased heparin tolerance test. 

Thus there exist a series of papers which would seem to indicate that rapid 
compensation may favour the occurrence of thrombosis either by altering the 
viscosity of the blood through rapid dehydration or by the administration of 
drugs which directly affect the mechanism of coagulation. Perhaps both factors 


are of importance. 


Tlie Author’s Series of Cases. Surviving P.-itients. 

In order to judge the practical importance of the problem I have examined 
the case records and ascertained the number of thromhoemhohc complications 
in two differently treated groups of cases of cardiac decompensation. One group 
from Frederiksberg Hospital, Sledical Department E (F.H. = (I)) was t^wt^ ™ 
more active lines, the other group from Svendborg Central Hospital ” 

(II)) was treated very conservatively. The case notes were ohtaine 
through, in their chronological order, all cases of mb. cordis, decornp. cor is le 
main diagnosis) in 1951—52, up to a number of about 100 from each dcpartme . 
Patients suffering from thromboembolic complications on admission were n 
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included, not were cases of coronary thrombosis, or patients admitted in a mori- 
bund condition (3 — 4 in each of the series). 

The material from F.H. (I) totalled 116 (80 survivors + 36 fatal cases), from 
Sv.C.H. (II) 99 (79 survivors + 20 fatal cases, see below). 

The patients from F.H. were elderly, several had been treated at home, and 
several had previously been admitted to hospital. This gives no indication as to 
the gravity of the disease. Many had received quite inadequate treatment at 
home. A rough estimate of the duration of the disease shows no conclusive differ- 
ence (Table 1). 

A tentative classification of the type of heart disease was made by means of 
the history, physical examination. X-ray, electrocardiograms etc. (Table 2.) In 
several cases it was impossible to do this quite correctly. The term »insufficientia 
cordis)) is somewhat vague. In the greater number of cases the condition was due to 
arteriosclerosis, and in some to infection. If the patients had myocardial degenera- 
tion -f- hypertension they were included in the group with hypertension. The 
figures are astonishingly uniform, the distribution being the usual one. 

Table 1. 


Stirviving Decompensated Heart-patients. 



I 

Thromboembolic compl. 

II 

Total 

80 



79 

Hale 

40 



45 

Female 

40 

15/ 


34 

Average age 

G7 



63.5 

Average age for patients with com- 





plications 

67 




Duration of illness 





< 1 j’ear 

23 

7| 


19 

1—5 .) 

26 

9l 

26 

21 

5 — 10 1) 

14 

7( 

21 

>10 » 

17 

31 


18 

Previously admitted to hospital . . 

17 



12 

Treated at home 

53 



23 


Group I = F.H., group II = Sv.C.H. 

There were no thromboembolic complications among patients from Sv.C.H. 32 % of the patients 
from F.H. had thromboembolic complications. 


Table 2. 


Classification of Heart Disease. Thromboembolic Complications. 


Thromboembolic 

complications 


Insufficientia cordis 

Hypertensio arterialis .... 

Stenosis mitralis 

Chronic cor pulra 

Vitium valv. aortae 

Thrombosis a. coron. seqv. 


$ 

15 

9 

10 

5 

0 

1 


cJ 

16 

13 

3 

4 
2 
2 


13 

7 

3 

3 

0 


^ <S 

12 25 

10 11 

8 6 

3 2 

0 2 


5 5M0G3. Acta med. Scandinav. Vol.CXLVIII. 
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It IS difficult to obtain an expression of tbe degree of severity of the uatient^’ 
disease All patients were suffering from cardiac decompensation. I have chosen 
to divide them according to the degree of decompensation, and given points for 
the degree of pulmonary stasis, hepatic stasis and peripheral edema as revealed 
by the physical examination, slight stasis or edema receiving 1, moderate stasis 2 
ancl marked stasis 3 points. The three figimes are added up. Then the material is 
divided into 3 main groups: Decompensation group I with 1—3 points, group II 
with 4—6, group III with 7—9 points. Table 3 shows the distribution of the cases 
according to this method. Perhaps the condition of the patients from F.H. wa't a 
little worse. 

The number of patients with febrile complications and fixed arrh}'thraia on 
admission to hospital and the number of patients with reduced kidney function 
were essentially the same in either series. 


Table 3. 


Graduation of Illness. Thromboembolic Complications. 


jl 

) 

I 

Complications 

II 

1 Graduation of decompensation 

I 

35 

11 

42 

' n 

38 

13 

2.5 

m 

7 

2 

12 

1 Fixed arrhythmia + deficit 

201 

27f 

7 

24 

1 — deficit 

7 

21 

’ Impaired renal function 

10 

0 

4 

' Febrile complications 

7 

4 

8 

Judged by degree of illness there is no decisive difference. 



Among the febrile complications are not included maximum temperatures of 
38° if they became normal quickly without any treatment other than that of 
increasing the urine output. 

The renal function was not more closely investigated. In the group sreducccl 
renal function)) were included cases with a maximum specific gravity of the urine 
of 1,016, and/or blood urea about 50 mg% if the figures did not return to norma 
during the period of compensation. These values were chosen for purely practical 
reasons, they show fair agreement with the clinical results, and the requirenients 
of several modern American cardiologists, among others W. E. Judson. 31os 
of the increased blood urea values ranged from 50 to 80 mg% which is not umisua 
in a case of cardiac decompensation. Eew figures exhibited a further rise during 
treatment. If the primary condition seemed to be renal in origin the case was n 
included in the series. There were several patients with increased blood urea 
P.H., perhaps latent in cases of low salt s^mdromes. 

The intensity of the treatment is divided into groups m table 4. Tbe ^stribu 
of the cases over these is typical. Koughly it may be said that the intensity o r ^ 
ment in the two hospitals each represents its extreme. It 
reference to group IV that the digitalis treatment was quicker at I'.H. ]ust . 
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Table 4. 

Groufs of Treatment, Distrihiition of Patients. Throinhoeniholic Complications. 


Thromhoembolic complications. 



I 

Compile. 

II 

I) Patients treated in the first and/or the second 




24 hours with cedilanide (strophanthin) and mer- 




curial diuretics intravenously 

24 

15 

0 

II) Treated in the first or second 24 hours with ccdil- 




nnide (strophanthin) intravenously 

4 

2 

2 

Ill) Treated in the first or second 24 hours with mer- 




curial diuretics intravenously and digitalis per- 




orally 

6 

2 

0 

IV) Saturated rrith digitalis perorally later mercurial 




diuretics intravenously 

37 

5 

15 

V) Treated later with mercurial diuretics, — digitalis 

7 

1 

4 

VI) Treated uith digitalis peroral^', — mercurial 




diuretics 

2 

1 

35 

VII) Treated udthout digitalis and without mercurial 




diuretics 

0 

0 

23 


Table 5. 


Maximum Urine Output. 



I 

Compile. 

n 

< 1,000 cc 

6 

0 

30 

1,000—1,500 1) 

12 

4 

18 

1,500—2,000 » 

18 

6 

11 

2,000—2,500 » 

18 

G 

8 No 

2,500—3,000 » 

9 

3 

3 compli- 

3,000—3,500 i> 

9 

4 

2 cations 

3,500—4,000 I) 

2 

1 

5 

4,000—4,500 » 

3 

0 

1 

4,500—5,000 » 

1 

0 

1 

7,000 » 

1 

1 



treatment with mercurial diuretics was started earlier, was more intense, with 
more frequent injections (not more frequently than every 5 days) and larger doses 
usu ally 2 cc). The cedilanide dosage was of the usual Mnd. 

In both hospitals the diet was salt-poor with slightly reduced intake of liquid 
food. ^ 


In both, patients were fairly soon permitted to go to the lavatory or use a bedpan 
chair. At Sv.C.H. they became ambulatory a little later. 

No exact mformation about the balance of fluids can be given. Many patients 
from h.H. suffered considerable loss of fluid after intensive therapy owing to 
nausea, vomiting, and diarrhea. 

Table 5 shows maximum urine output. The values are distinctly higher at F H 
wherymly 6 patients have less than 1 litre, while at Sv.C.H. there are 30. Patients 
at b.H. remained in hospital an average of 28 days, at Sv.C.H. of 44 days. 
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Thromboembolic Complications in Surviving Patients. 

These are peripheral phlebothroraboses and thrombophlebites. as well as throm 
boembohc phenomena of the lungs, brain, and kidneys. Three-fourths of the 
patients with diagnosed pulmonary infarction had typical bloody expectorat- 
(A large number of the pulmonary infarcts in cases of cardiac decompensation are 
not diaposed. On post-mortem of 234 heart patients Hines and Hunt found - 
m a mixed material that 34.6 % had pulmonary infarction; but only a few had 
been diagnosed in vivo). In this material the complication most frequently occurred 


Table C. 

Thromboembolic Complications in Surviving Decompensated Heart-patients. 

I: 29 complications in 26 patients = 32 % of 80 surviv.ils. (P.H.) 

II: No complications. 

I 

$ <J 


Pulmonary infarct 5 7 

Thrombophlebit 8 1 

Penal infarct 1 2 

Splenic infarct 1 0 

Cerebral accident 1 1 

Febrile during treatment 1 1 


Group I: 32 % had thromboembolic complications, 
15 % had pulmonary infarction. 


at a time when the patient showed distinct signs of recovery. The findings on aus- 
cultation were plain, and the patients had had a raised temperature for about a 
week, without any improvement after injection of penicillin. 

Kenal infarction had been diagnosed on the following symptoms: Sudden pain 
in the renal region with macroscopically bloody urine, followed by normal findings, 
and no clinical signs of any other etiology. (Cases of only microscopical hematuria 
have not been included.) 

A slight febrile reaction during treatment with mercurial diuretics is frequent. 
Sometimes a more pronounced pyrexia of longer duration is seen, which disappears 
only after discontinuation of treatment. Autopsy of such cases which terminate 
fatally usually shows a deep thrombophlebitis, e. g. in the minor pelvis, as a pos- 
sible explanation of the fever. 2 patients of this t)’pe were included. 

The distribution of the complications appears in Table 6. About 32 % of the 
patients from F.H. developed complications. About 15 % had pulmonary infarc- 
tion, about 10 % peripheral phlebitis. These figures reach the upper limit of the 
values given for the various complication. (It was not possible to find materia 
which was comparable with that from F.H.) There were no complications among 

the survivors from Sv.C.H. _ 

The relationship of the complications to the classification of the disease, the 
sex, age, duration of disease, renal function, febrile complications and fixed arr yt i 
mia showed nothing out of the ordinary. There was no conclusive corre ation 
between the amount of the urine output and the frequency of the complications 

3 ^ 32 ^. 
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(Table 5), the complications did not occur with particular frequency in the most 

severe cases (Table 3). , i <■ .i, r 

On the other hand, there was a correlation between the number of the compli- 
cations and the intensity of the treatment (Table 4). If the explanation were that 
those who had received the most intensive treatment were the most affected, and 
that this was the cause of the complications, more cases would be found among 
the most severely affected groups, and at any rate some in the material from 

Sv C H 

Conclusion: So far as can be seen, the two groups are comparable. The patients 
from F.H. were a little older, perhaps a little more ill, than the patients from 
Sv.C.H., but since the complications did not occur especially among the oldest 
or the most severely affected this is of no decisive importance. 32 % of the patients 
from F.H. developed complications, 15 % pulmonary infarction. There is a corre- 
lation between the intensity of the treatment and the frequency of the compli- 
cations, but no unmistakable correlation between the latter and the volume of 
urine passed. 


The Fatal Cases. 

It is possible that the more intensive therapy saves several patients who would 
otherwise die. In order to obtain some idea of this I have gone through the post- 
mortem diagnoses for the fatal cardiac decompensation cases in the same period. 
Patients were omitted who upon admission had coronary thrombosis, thrombo- 
embolic complications, or were beyond the reach of therapy. Patients who died 
from other causes, e. g. cancer, were not included. The postmortem diagnoses from 
Sv.C.H. were included from the time when the Hospital had a prosector. There 
were 20 fatal cases (about 24 %) and 64 survivors in the same period; 8 % died of 
pulmonary embolism. 


Table 7. 

Dead Decompensated Heart-patients. Diagnosis at atUo])sy. 


I: 36 in 116 = about 31 % dead. 
II: 20 in 84 = about 24 % dead. 



I 

II 

Pulmonary embolism 

13 

7 


i> — autopsy 

3 



oValvular diseases 

7 

21 


» — autopsy 


2 


^Enlarged heartu 

6 

3 

; 1 

Luetic aortitis 

2 

2 

Chronic cor piilm 

2 

1 


Symphysis pericardii 

1 

1 


Healed coronary thrombosis 

1 + 1 

2j 



Group I: 31 % dead, 14 % liad a fatal pulmonary infarct. 
Group II: 24 % dead, 8 % had fatal pulmonary infarction. 


^ The autopsy did not indicate that any patient in group II could have been saved by n more inten- 
sive treatment. 
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Table S. 


Patients Dying of Thromhoemholic Complications. 
I: 21 in 36 deaths. U; 7 in 20 deaths. 




II 

Sex — Age 

o 

12 (73)' 

9 (61) 

7 

2 (G7)' i 

^ . 

Duration of illness 

5 1 

1 i 


4 

2 

1 5 » 

5 

1 1 


5 

0 1 

Graduation of decompensation 

11 

1 

TT 

5 

0 

TfT 

5 

6 

Group's o/ treatment 

T 

11 

1 

•QT 

2 

0 

JA^ 

3 + 3' 

2 

V 

1 




1 

4 


Character of compticalions. 

I: Deaths from pulmonary embolism at autopsy: 13 
Deaths from pulmonary embolism anthout autopsy: 6. 
Deaths from pulmonary infarction: 2. 

Multiple thrombosis found at autopsy; 3 . 

r«i. 

The two groups are comparable. 


> Average age. 

_ 1 1? TT bfifl 80 survivors, 36 fatal cases (about 30 about 

t:: «... ... p.- 

mortem examination gave no “ j complications arc 

Table 8 shotvs hotv patients yho died with not exceptionally 

distributed over the gravity , f ° ^ notes for 17 of the 21 patients 

survivors. Por other data, see Table 8. fP TT 1 on the other 

" rents SV .0 died svitio. ^oem.o.e 
toad, «» gioaped among t.e most severe p. , „„„ 

sine, .nt t.e rf ^ 
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Table 9. 

Patients Dying Without Thromboembolic Complications. 


I; 15 in 36 deaths (surviving: 80). 
II: 13 in 20 deaths (surviving: 64). 



I 

II 

Sex — Age 



$ 

7 {76)‘ 

6 (63)' 

S 

8 (68) 

7 (68) 

Duration of illness 



> 10 years 

5 

1 

6—10 » 

2 

3 

1 — 5 1) 

2 

8 

<1 » 

6 

1 

Graduation of decompensation 



I 

3 

3 

II 

4 

5 

Ill 

8 

5 

Group of treatment 



I 

5 

1 

II 

3 

0 

lY 

4 

2 

V 

2 

7 

VI 

1 

0 

VII 

0 

2 


1 Average age. 

Judged by renal function, fixed arrhythmia and febrile complications 
the two groups are comparable. 

Eoughly, the same applies to the fatal cases from Sv.C.H. 3 of the patients who 
died of pulmonary embolism were distinctly improving. The rest were among the 
most severely affected, not responding to treatment, which in this group was 
fairly intensive. Table 9. 

Conclusions: Patients from P.H. were elderly, several had been ill for many 
years. Grouped according to the degree of decompensation the patients from the 
two series were equally affected. 31 % died at P.H., 2i % at Sv.C.H. 14 % (F.H.) 
and 8 % (Sv.C.H.) died of pulmonary embolism. The difference between the num- 
bers of thromboembolic complications is not so great as in the survivors. A common 
characteristic of both materials is that the patients dying without fatal thrombo- 
embolic complications were as a rule more severely ill. They did not respond to 
treatment. Many patients dying from pulmonary embolism were not very ill, 
were improving, or even compensated. They died at a time when they should ap- 
parentiy iiave been past danger* 


jjiscussion. 


It seemed to us m Medical Department E of Erederiksberg Hospital somewhat 
trange that^ the number of thromboembolic complications in cases of cardiac 

instftutfri literature, evidence was found showing that the treatment 

instituted might aggravate a pre-existing tendency to thrombosis in these patients, 
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either by altering the viscosity of the blood through rapid dehydration o. i . 
more direct influence of the drug now on the coagulation mechanism. ’ ' ** 

I have been unable to find any clinical publications recording how ficquentlv 
thromboembolic complications were found in the different forms of dehvLi 1 
A control senes is also lacking. ^ 

^ groups of cardiac decompensation cases subioctci! 
to different treatment, one group to the modern rather active therapy the other 
to a conservative one, in order to find out whether there were more complications 
among the actively treated patients. This proved to be the case, the complication 
percentage being 32, as against 7 among those treated conservatively. Amom the 
survivors the figures are 32 % against 0. 

If these figures are authentic the problem is of great interest. Active treatment 
is used more and more both at the hospitals and by general practitioners. The 
number of heart patients is increasing. 

But are the two groups of cases comparable? 

It is difficult to prove that two groups of cases from different parts of the coimtr}- 
are comparable. One group consisted of t)Yical town inhabitants, the other of a 
mixed town and country population. In the first group there were many patients 
coming from the poorer classes with no possibility of taking special care of them- 
selves. On the other hand, it may be said that the population of Fyn is notoriou.s 
for its obesity. The patients were a little older in the series from F.H., several had 
had treatment at home (often inadequate, it is true) and several liad previously 
been admitted to hospital. The complications did not occur preeminently in these 
patients, so this is hardly decisive. It is possible that the patients from F.H. were 
kept alive somewhat longer, and had pathologically and anatomically more ad- 
vanced heart disease than the corresponding patients from Sv.C.H. 

The diagnoses of the two series of cases were made by different physicians, 
whose description of the degree of affection would be coloured by what they were 
accustomed to see. Different modes of treatment among general practitioners may 
have some influence on the value of the material. 

Despite all these objections it is my impression that patients in the two groups 
as judged by their degree of decompensation were approximately equally affected, 
and that the difference in the number of complications was due to the different 
principles of treatment. This view is in some degree supported by the fact that I 
have worked for over one year in both departments. 

The investigation seems to have answered the question of which element of the 
therapy it is that aggravates the pre-existing tendency to thrombosis. Intensive 
treatment with cedilanide and mercurials seems decisive, the amount of the urine 
volume (or rather the loss of fluid) may be of importance. 

Further clinical and experimental investigations are in progress. 


Anticoagulation Treatment, 

Some recent communications have appeared, describing the favourable effect 
of a prophylactic anticoagulation treatment of cardiac decompensation cases during 
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deliydration. Thus Griffith et al. found a reduction of thromhoembolic compli- 
cations from about 30 % to about 10 % in a mixed series of 354 patients (control 
group 162). The anticoagulation treatment was continued until the stasis had dis- 
appeared or the patient could be discharged. These authors state that a fixed 
arrhythmia, previous cases of decompensation, or thromboembolic accidents do 
not increase the frequency of the complications (which accords well with the 
findings in the present material). Further details of therapy are not mentioned. 

Harvey and Finch found no undoubted cases of pulmonary embolism in 80 
patients treated with dicumarol and 15 cases among 100 not treated. The mor- 
tality in the 2 groups during stay in hospital was 9 and 17 %. The patients were 
only treated with digitalis by mouth. Anderson and Hull out of 147 patients treated 
with dicumarol found a mortality of 7.5 %, complication percentage 2. Control 
group: 150 patients. Mortality 13 %, complication percentage 8. No other details 
of therapy were given. It would be a strenuous task, not quite without risk, to 
treat all cases of cardiac decompensation with anticoagulants during dehydration. 
So far no laboratory test has been found that can tell us anything about the pa- 
tient’s tendenc)^ to thrombosis, which would make it easier to see the indications 
for such treatment. In cases where dehydration must be intensive the patients 
should probably be treated with anticoagulants. 

Summary. 

The present work proposes to investigate whether a more intensive treatment 
of cardiac decompensation increases the number of thromboembolic complications. 

In rapid diuresis the viscosity of the blood is increased. 

Several authors have demonstrated that digitalis and mercurial diuretics tend to 
shorten the coagulation time. 

Either factor may enhance a pre-existing tendency to thrombosis. 

Two groups of decompensated patients have been analysed. 

I. 116 patients, most of whom had intensive treatment with cedilanide and 
mercurial diuretics intravenously. 80 survived, 36 (31 %) died. 32 % of the sur- 
vivors had thromboembolic complications, 15 % a thromboembolic pulmonary 
complication. Of the 116 patients 14 % had a fatal pulmonary complication. 

II. 99 patients, who had very conservative treatment, ^[i had digitalis by 
mouth, ^/4 had mercurial diuretics intravenously. There were no thromboembolic 
complications among survivors in this group. Fatal pulmonary complication oc- 
curred in 8 %. Overall mortality was 24 %. 

Complications seemed to occur particularly in patients who had intensive 
treatment. The patients with complications generally exhibited the larger urine 
output, although this relationship is not absolute. 

The author is of the opinion that the patients in both groups are comparable. 
There is no difference as judged by degree of cardiac decompensation. Group I 
comprises a greater number of elderly patients, patients who had been previously 
admitted to hospital, and patients who had received treatment at home before 
admission, but complications show no preference for these categories. Prophylactic 
treatment with anticoagulants should be contemplated. 
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huset, Stockholm (Head: Professor N. Svartz). 


Adrenal Fnntioii and Hyperlipemia in Seplirosis and 
Diabetic Nepliropatliy. 

By 

A. SVANBORG, G. BIRKE and L. O. PLANTIN. 

(Submitted for publication August 19, 1953.) 


The cause of the increase in the serum lipid concentration in certain renal diseases, 
particularly in nephrosis and some stages of nephritis, has not yet been fully 
clarified. The mechanism responsible for the »idiopathic» hyperlipemia and for 
the hyperlipemia in diabetic nephropathy is entirely obscure. Since there are some 
grounds for assuming that a change in the function of the adrenal glands affects fat 
metabolism, we have attem'pted in the present toorh to study the adrenal activity in 
•patients with these diseases. 

Hyperfunction of the adrenal cortex (Cushing’s syndrome) is accompanied by 
an abnormal distribution of body fat and a sustained elevation of serum cholesterol 
and phospholipids. On the other hand, there are apparently rather wide variations 
in the blood lipid concentration in patients with adrenal insufficiency. Some 
observers have noted an increase and others a decrease in the serum lipids in this 
disorder. In 1945 Hoffmeyer demonstrated hypercholesterolemia in rabbits after 
adrenal homotransplantation, although a corresponding decrease was not obtained 
following adrenal extirpation. Omura (1930) and Goldzieher (1934) were of the 
opinion they could demonstrate that adrenal extract scauses fixation of blood 
lipids in the tissues)). In 1936 Verzar and Laszt reported that adrenal extirpation 
prevented the occurrence of experimentally induced fatty liver or made its provo- 
cation more difficult. This observation has since been verified by a number of 
investigators. 

The study of the effect of the administration of ACTH or Cortisone on the 
serum lipid concentration in individuals without signs of »endocrinei) disease 
has shown it to be variable and, on the whole, inconsiderable. Adlersberg et al. 
(1951) reported an increase in serum cholesterol after the administration of Corti- 
sone. Perara et al. (1950) found a decrease in serum cholesterol, while Conn et al. 
(1950) found no concentration change whatsoever. Emerson et al. (1951) studied 
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the blood lipid concoatatioM after AOTH administration, also in normal indim). 
uals, and found no constant change at all. “ 

The serum lipid concentrations have been studied after administration of ACTII 
patients with nephrosis also (Soshea et ah, 1951; Luetscher et a! 
1951; Emerson et ah, 1951). The results are partially conflicting. They shon-’ 
however, that no essential change in the serum lipid concentration in nephrotic 
patients is obtained following administration of these hormones. 

In an attempt to estimate the adrenal activity the concentration of Compound 
E in plasma was determined; in certain cases after the administration of ACTH 
also. In some cases microchromatographic separation of 17-ketosteroids in urine 
was also performed. 


Jlctliods. 

Cholesterol and phospholipids were determined according to methods described 
in an earlier work (Svanborg 1951). The total lipid concentration was determined 
graviraetrically after Soxhlet extraction for five hours with absolute alcohol. 

The Compound E concentration in plasma was determined according to a method 
reported by Nelson et ah (1951); The plasma was extracted with chloroform. The 
chloroform extract was evaporated and the residue separated chromatographically 
on a column of Celite-magnesium silicate. On the fraction containing Compound F 
a colorimetric reaction was subsequently obtained with phenylhydrazine, which 
has been proved to be a specific reagent for steroids with a side-chain of dihydroxy- 
acetone type (Porter and Silber, 1950). 

The adrenal function was tested by the administration of 25 mg of ACTH intra- 
muscularly. Compound F was determined in the plasma before and two and four 
hours after the injection. Normally, this procedure induces a two- to four-fold 
increase in the Compound F concentration in the blood. 

Microchromatographic separation of the 17-ketosteroids was done according to 
Zygmuntowicz et ah (1951). 


Material. 

The five nephrosis patients examined all had a classic lipid nephrotic .syndrome 
with massive albuminuria, hyperlipemia, hypoproteinemia with a tj*pical electro- 
phoretic diagram, and periodic edema. Concurrently, one of them (T.L.) hm a 
slight rise in non-protein nitrogen. Four cases of diabetic nephropathy vere stiu lec . 
See table. 


Conclusions. 

The Compound F concentration in plasma in all cases examined fell within the 
normal limits. In two of the nephrosis cases, however, values were demonstratcf 
at the lower limit of the normal. In three nephrosis patients the ACT tes wa. 
also performed: f. e. the Compound F concentration was determined liofore aurt 
after the administration of 25 mg of ACTH. In the two nephrosis cases in " nc i 
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Table. 




Cholesterol 

Lipid 

phosphorus 
mg/100 ml 
serum 

Total lipids 

Compound F 

Patient 

Diagnosis 

mg/100 ml 

mg/100 ml 

r/100 ml 



senijn 

i^erum 

plasma 






7.2 

L. M. 

Nephrosis 

830 

19 

2,100 

10.7 






2.4— 6.8' 

E. 

J> 

480 

16 

1,600 

26.G 

31.0 






4.2 

S. B. 


660 

14 

2,100 

5.3 

2.1 — 4.3' 

G. B. 

» 

500 

15 

1,600 

10.5 

9.5—22.0' 

T. L. 


380 

12 

1,300 

12.9 

(Nephritis chron.?) 




B. H. 

Diabetic Nephropathia 

.390 

12 

1,600 

13.0 

G. S. 


370 

9 

1,700 

8.0 

S. C. 

)> ' 

480 

8 

1,500 

11.5 

A. S. 

» 1 

540 


2,100 

11.3 

12.3 


' ACTH-test. 


low Compound F concentrations were shown before the administration of ACTH, 
a poor adrenal response was obtained. In the third nephrosis patient examined, 
however, there was a normal rise in the Compound F concentration after ACTH 
administration. 

Fractionation of the 17-ketosteroids in the urine of two of the nephrosis patients 
with grave hyperlipemia showed a normal distribution. In one of these patients, 
however, the total quantity of 17-ketosteroids excreted was low (1.8 mg per 24 
hours). This investigation has not yet been completed. The results will be reported 
later. 

Bilateral nephrectomy or ligation of the ureters is accompanied by a hyper- 
lipemia of the same qualitative composition and of the same order of magnitude 
as that in nephrosis. (A review of the literature in this field has been published 
earlier, Svanborg, 1951.) Accordingly the Compound F concentration in serum wms 
determined in a dog before and after bilateral ligation of the ureters with concomi- 
tant hyperlipemia. No change in the Compound F concentration was demonstrated. 

The plasma concentration of steroids with a side-chain of dihydroxy-acetone 
gre may, in all probability, be regarded as an indicator of the adrenal activity, 
hor this reason determination of the concentration of such steroids (Compound F) 
was selected for the present study. In all cases examined it lay within the normal 


It seems reasonable to assume that if a disturbance in the adrenal activity 
were the cause of a hyperlipemia of the magnitude encountered in this investiga- 
tion there should be an extensive change in the adrenal activity. In Cushing’s 

-- - tie Hold 
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Accordingly, this investigation gives no support to the theory tliat the brntr- 
hpemia m nephrosis and diabetic nephropathy might be based upon impic.i 
adrenal activity. However, since our knowledge of the manner in which the steroid 
balance in the blood is maintained is still imperfect clearly no definite conclusions 
can be drawn. " * 


Summary. 

Because certain observations indicate that disturbances of the adrenal actinty 
may affect lipid metabolism, an attempt was made to estimate the adrenal actinty 
in five cases of nephrosis with grave hyperlipemia, in four cases of diabetic nephro- 
pathy, and in one dog with hyperlipemia following bilateral ligation of the ureters. 

The Compound B concentration in all cases lay within normal limits. 

Fractionation of urinary 17-ketosteroids in two cases of nephrosis showed a 
normal percentual steroid composition. 

In three of the cases of nephrosis the Compound F concentration was determined 
both before and after administration of ACTH. In two of the cases of nephrosis 
a poor adrenal response was obtained, such as is seen in some patients with severe, 
chronic diseases. In no case were results obtained that might indicate increased 
adrenal activity. 

Consequently, this investigation gives no support to the theory that the cause 
of the hyperlipemia in the diseases studied might be impaired adrenal activity. 
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Anomalous Drainage of Pulmonary Tciiis from the Right 
Lung to the Superior Vena Cava with Patent Foramen 
Ovale, as the Cause of Congestive Heart Failure 
ill a 6S -year-old Man. 

By 

OLE STORSTEIN and HANS TVETEN. 

(Submitted for publication July 7, 1953.) 


Anomalous drainage of pulmonary veins, which in Abbott’s series of 1,000 con- 
genital anomalies of the heart and great vessels was reported in 58 cases (in only 4 
of which did it constitute the primary lesion), is now frequently found, on cardiac 
catheterisation, in patients with congenital cardio-vascular anomalies. Cosby and 
associates, in catheterisation studies of 145 such patients, observed transposed 
pulmonary veins from the right lung in 11 cases. Friedlich and associates reported 
that among 34 cases of anomalous venous return they found 18 cases of transposed 
pulmonary veins. According to White this diagnosis had not previously been made 
in vivo. Several authors have, however, been able to diagnose pulmonary veins 
draining into the inferior vena cava by means of ordinary X-rays of the chest, 
in that they find a characteristic falciform shadow in the right lower lung field 
(Potter and associates; AValti and Nedey; Snellen and Albers). 

The anomaly is most frequently found on the right side, but it may also occur 
from both lungs. The anomalous veins drain most frequently into the superior 
vena cava or the right auricle, but they may also enter the innominate vein, the 
inferior vena cava, the azygos vein or the coronary sinus. 

Anomalous drainage of a single pulmonary vein is of little importance, whilst 
complete transposition of all the pulmonary veins to the right heart is a grave 
anomaly, usually resulting in death in infancy. The life of these individuals is 
dependent upon the patency of the foramen ovale. The left auricle is small and 
rudimentary, and there is a strong tendency to closure of the foramen ovale. 

Among 106 cases of abnormal drainage of the pulmonary veins in Brody’s series, 
38 were complete. Of these only 8 lived for more than six months. Taussig reports 
3 subjects who died at ages varying between months and 4 years; Friedlich 
and associates report 2 subjects who died at ages of 2 and 4 years respectively. 
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Kera has observed the survival to the age of 27 of a patient with complete clraimce 
of the pulmonary vems to the right auricle. Snellen and Albers report 4 cases of 
dramage of all the pulmonary veins into the superior vena cava. The naticnts wero 
respectively 5, 7, 20 and 22 years old. ^ 

When 2 or more pulmonary veins drain into the right heart the ensuing left to 
right shunt will be of the same importance as a patent ductus arteriosus or an 
auricular- or ventricular-septal defect. 

We have recently, in the case of a 68-year-old man, observed such an nnonialv, 
which gave rise to grave congestive heart failure. 


The patient, R. E., was born on March 3rd, 1885. He had been employed as a 
construction worker up to 1948, when he had to give up his work on account of 
dyspnoea, which became progressively worse, until from 1950 onwards he had 
nocturnal dyspnoea accompanied by paroxysmal tachycardia and non-irradiating 
pains in the left side of the chest which lasted for half an hour at a time. 

During 1952 he had some swelling of the ankles, which increased progressively 
up to his admission to hospital on December 5th, 1952. 

He was found to have slight cyanosis of the face, hands and feet, dependent 
oedema in the back and feet, and kyphosis with increased anterior-posterior chest 
diameter and precordial bulging. The blood-pressure fell from 160/110 to 120/70 
during his stay in hospital. The pulse rate was 80, irregular. The liver was G cm 
below the costal margin. The point of maximum impulse was found 11 cm from the 
midline in the 5th intercostal space, in the anterior axillary line. At the apex the 
first sound was snapping, and there was a systolic murmur grade 2 to 3 and a short, 
rumbling diastolic murmur. P2 was accentuated. The heart action was irregular, 
0 = P = 80. The eye-ground was normal. Height 159 cm. Weight 68 kg. 

The proteinuria found on admission soon disappeared. MKR 11 reaction was 
negative. Hglb. 11.1 g/100 ml. Red blood corp. 4.14 mill. MTiite blood corp. 6,700. 
The differential count was normal. Sedimentation rate 4 mm/1 hour. Blood urea 
43 mg/100 ml. Thymol turbidity 5.3 MacLagan units. X-ray of the heart showed 
a pronounced enlargement of the right ventricle, right auricle and pulmonar) 
conus, with increased pulsations of the pulmonary vessels. The roentgenological 
heart volume was 1,700 ml, i. e. 1,000 ml/m’ body surface. (Plate l,fig. 1.) The 
electrocardiogram showed auricular fibrillation and right ventricular strain (fig.^ -)■ 
His treatment consisted of rest in bed, a diet poor in salt, and theoph) llaniine, 
digitalis and mercurial diuretics. BUs auricular fibrillation was regularized with 
quinidine, and he was treated with dicumarol to prevent embolism. Mhen he Ic t 
the hospital, on January 14th, 1953, he was ambulatory and without oedema, 
but he still had dyspnoea on exertion. The weight was 56.2 kg. 


Physiological Studies. 

Venous pressure 20 mm. Circulation time, arm to tongue (decholin) 16 seconds 
for the first taste, 28 seconds for the last. The findings on heart catheterisation 
are shown in table 1 and the ventilatory performance in table 2. The Eucce.-.i 
positions of the cardiac catheter arc shown in figs. 3 5 (Plate 1). 
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Table 1. 


ResitKs of right heart catheterisation. 


Catheter location 

Superior vena cava 

Anomalous pulmonary vein I (fig. 3) 

Anomalous pulmonary vein II (occluded) (fig. 4) 

Right auricle 

Inferior vena cava 

Right ventricle 

Pulmonary artery (fig. 5) 


0, Content 

Pressures mm Hg 

■(Vol.%) 

syst./diast. 

mean 

. 10.09 

8.5/0.5 

— 3 

. 15.35 

11.5/2 

— 4.5 

. 12.07 

16/9 

— 10 

. 13.33 

8/0 

— 2 

. 11.4G 

7.5/— 1 

— 0.5 

. — 

53/— 2 


. 12.54 

59/18 

— 26 


Arterial oxygen content 14.23 Vol.% Art. CO.-content 66.07 vol.% 

Oxygen capacity 17.17 » Pulm. vein » 65.30 » 

Arterial oxj'gen saturation 83. — % 

Oxygen saturation of pulmonary venous blood 89.C % 

Oxygen consumption 242.6 ml/min. 

Cardiac output: 

systemic florv 7.0 litres/min. C. I. 4.5 lit/min/m". 

pulmonary artery flow 8.6 litres/min. 

effective pulmonary flow 5.3 litres/min. 

total shunt left to right 3.3 litres/min. (38 %) 

interaurioular shunt right to left 1.7 litres/min. (24 %) 

Pulmonary arteriolar resistance 215 dynes seo./cm-®. 

IVork of right ventricle 2.34 kgm/min. 


Table 2, 

Ventilatory function studies. 


Vital capacity 1,700 ml. 

Residual air 2,700 » 

Total capacity 4,400 » 

— XlOO 61% 

Maximum breathing capacity 13.2 litres. 


Discussion. 

The clinical findings in this patient, with the snapping first heart sound and the 
short, rumbling diastolic murmur at the apex, point towards mitral stenosis. The 
suspicion of mitral stenosis is often aroused in cases of left to right shunt, as in 
patent ductus arteriosus. The low-pitched murmur at the apex is here assumed 
to be caused by the rapid fillmg of the left ventricle due to the increased blood 
supply returning from the lungs (Levine and Geremia). 

The demonstration, on cardiac catheterisation, of a left to right shunt amounting 
to 38 per cent of the pulmonary artery flow, fits in with the observation of an 
abnormal venous return of two-fifths of the lung veins. 

Pulmonary function studies in this patient reveal a reduced ventilatory per- 
formance. The alveolo-respiratory function is also reduced with regard both to 
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oxygen saturation and to carbon dioxide elimination. The demonstration of , 
^cater reduction of the oygcn saturation in the arterial blood than in pulmouatv 
e ous blood is, in all probability due to a persistent foramen ovale. The calcula- 
mn reveals a right to left shunt of 24 per cent of the systemic blood flou- from iho 
right to the left auricle. 


The pressures registered by occlusion of the pulmonary vein (Plate 1 fio ci 
show the characteristics of pressures in this position: they resemble the prcssmos 
in the pulmonary artery, they are higher than the pressure in the non'occludcd 
pulmonary vein, and there is a time-lag between the onset of the rise in the systolic 
pressure in the pulmonary artery and that in the occluded pulmonary vein (Weisfcl 
and associates). The oxygen content of the blood aspirated in this position is the 
same as that in the pulmonary artery (table 1), so that we may call this blood, 
Dpulmonary capillary artery bloodo, and the pressure »pulmonary capillary artery 
pressures. 

The existence of a shunt of this magnitude will mean an increased load on tic 
circulation. It is, however, compatible with the leading of an active life over a 
period of many years. Dean and Fox mentioned a patient who lived for 80 years 
ivith drainage of the pulmonary veins from the left lung to the innominate vein. 
Gerard and Leroy observed the survival to 71 years and Gerard to 70 years of 
subjects with this anomaly. We have previously published the case-history of a 
72-year-oId woman with a shunt of 52 per cent, who was still attending to her 
household duties (Storstein and associates). 

The burden of the increased blood flow through the pulmonary circulation u-ill 
be placed on the right ventricle and the pulmonary arteries. The pulmonary blood 
flow must be increased to 3 times the normal before the appearance of a pressure 
rise in the pulmonary artery (Cournand). This, however, refers to acute exercise 
tests. We must presume that the existence of a shunt of this magnitude over a 
period of more than GO years will provoke pulmonary arterial hj^ertension. Sus- 
ceptibility of the pulmonary vessels to pathological stimuli seems to be au indind- 
ual matter, as shown by Wood, who found that about 20 per cent of patients with 
left to right shunt (auricular- or ventricular-septal defects or patent ductus arterio- 
sus) showed increased pressures in the pulmonary circulation, irrespective of the 
duration of the shunt. 

The increased pulmonary resistance in this patient (215 as against the norma 
74.8 ±12.8 dynes/sec/cm-^ Storstein) will mean an increased load on the right 
ventricle, whose work is thus increased to about 3 times the norma! average (2.34, 
as against the normal 0.75 ±0.48 kgm/min. Storstein). This explains why it is 
that the right ventricle fails, with resulting congestion of the systemic circulation. 
The cardiac output of the systemic circulation is normal in this patient, winch 
points to a nback pressure'i-effect rather than to a oforward failure). 

The treatment of this patient is directed towards his congestive heart failure. 
In. younger age-groups with this anomaly it is novr possible to treat t e ma or 
mation surgically, as has been done by JluUcr, who in one case has succcsstuliy 
transplanted anomalous left pulmonarj' veins to the left auricle. 
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Summary. 

Congestive heart failure in a man aged 68 is shown by cardiac catheterisation 
to be the result of anomalous drainage of 2 pulmonary veins to the superior vena 
cava. The finding of greater reduction in the arterial ox 5 ’^gen saturation than in 
that of pulmonary venous blood points towards the persistence of a patent foramen 
ovale. 

The pulmonary arterial hypertension in this patient is believed to be caused 
by the increased blood flow through the pulmonary vessels, which places an in- 
creased burden on the lesser circulation. 

Only 3 patients with longer longevity have been reported in this condition. In 
younger age-groups this anomaly may be corrected surgically. 
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Fig. 1. Teleradiogram of the heart. 
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Fig. 5 . Catlieter in right pulmonary artery. 


Storstein and Tveten: Anomalous Drainage of Pulmonary Veins. 
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From tlic Department of Psycliiatr}^ Bispebjerg Hospital, Copenliagen (Chief: C. Clem- 

mcscn, M. D.). 


Neiv Line of Treatment in Barbiturate Poisoning. 

By 

CARL CLEMlilESEN. 

(Submitted for publication July IG, 1953.) 


For 5 'ears the incidence of suicide has been high in Denmark compared with other 
countries. 

During recent years, the most popular method has been poisoning, particularly 
where females are concerned. 

The introduction of new therapeutic principles (Fig. 1) has reduced the mortality 
from barbiturate and morphine poisoning treated in hospital from about 25 % 
to 3.7 %, even down to 1.6 % in Copenhagen, in the course of 6 years. It therefore 
appears justified to call attention to the therapeutic advances. 

As is apparent from Fig. 1 a and b the number of barbiturate and morphine 
poisonings treated in Danish hospitals has more than doubled (from 1,500 to 3,000) 
during the period 1945 to 1951, while, at the same time, the mortality has dropped 
from 24.S % in 1946 to 3.7 % in 1951. From 1948, Copenhagen and suburbs may 
be distinguished statistically from the remaining parts of Denmark. It will be seen 
that in the capital, where the treatment has been centralized in one department 
(Bispebjerg Hospital, Department of Psychiatry), the mortality has been reduced 
to 1.6 %. It is the experience from this department which will be presented below. 


Historical. 

The treatment has been altered through the following stages; 

In 1942 gastric washing was abandoned after the studies of Harstad, Holler & 
Simesen were published. 

In 1946, antishock-therapy was introduced after the animal experiments of 
Aa. Kirkegaard in collaboration with Georg Constantin Brun had shown that 
following allypropymal (alurate) poisoning, the experimental animals died from 
shock. 
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Fig 1. Grapliio representation of tbe valnca from table. 
Mortality as per cent of eases admitted. 


Table. 


Poisoning with barbiCurates, morphine, etc. treated in Danish hospitals 19d5—1051. 



Copenhagen 

Other parts oj 
Denmark 

Denmark as a 
whole 

MortaXUij at fnr eenX c{ 
cases admitted 

Total 

cases 

Deaths 

1 Total 
cases 

Deaths 

Total 

cases 

Deaths 

Copen- 

hagen 

Other Dta- 
parts of matt ai 
Dcnmarkj a wliok 

1945 


134 


235 

1,509 

369 


i 24.r. 

1946 


121 


248 

1,488 

369 


2-).? 

1947 


122 


234 

2,122 

356 


! 1C.5 

1948 

802 

96 

1,612 

234 

2,414 

330 

12.0 

14.5 ! 13.T 

1949 

1,041 

63 

1,749 

180 

2,790 

243 

C.l 

10.3 1 8.' 

1950 

1,288 

48 

1,637 

135 

2,925 

183 

3.T 

8.2 1 6.3 

1051 

1,276 

21 

1.725 

90 

3,001 

111 

l.C 

6.2 ! a.i 


In 1947, continuous oxygen therapy vras introduced tvith special emphafi? 
on keeping the air passages clear (Lous, Hertel Wulff, Georg, Trier Jforcli k 
Sonne), 

In 1949, the treatment of severe poisonings in Copenhagen and suburbs (popula- 
tion 1,200,000) tvas centralized in one department. About the same time, stimulation 
vns abandoned. On the basis of clinical observations, stimulation had gradual y 
been reduced to a minimum in the hope of avoiding the frequently fatal byperther- 



NEW LINE OP TREATMENT IN BARBITURATE POISONING. 


85 


mia wliich it induced. Then, in 1951, Eric Nilsson’s thesis afforded the theoretical 
justification for abandoning any form of stimulation. 


Organization of tlic Section for Poisonings. 

Patients from Copenhagen with narcotic poisoning are accommodated in a section 
of the Psj’^chiatric Department of the Bispebjerg Hospital. This section has 4 
rooms with a total of 9 beds. At each bed, there are facilities for oxygen administra- 
tion and suction. 

The treatment is carried out by the psychiatrists with the collaboration of 
anesthetists, interns, and other specialists. Three nurses are always on duty at 
the same time, each watch bemg 8 hours. 

The section receives only patients with poisonings so severe as to cause uncon- 
sciousness or a risk thereof. 

Durmg the past few years, the annual number of patients has been about 800. 
The average daily number of patients is about 6.G, and the average stay in hos- 
pital 3 days. 


Therapy. 

The therapy which has gradually been developed in this centre for the treatment 
of poisonings, and which has given the results to be reported, is as follows. 

From admission until the patient is fully awake and in good general condition, 
the temperature, pulse rate, and respiration are controlled every other hour and the 
blood pressure and hoemoglobin content every 4 hours. The general condition is 
watched. Determination of plasma chlorides, plasma bicarbonate, blood urea, 
serum protein, barbiturate content and, if required,potaBsium content in the blood 
are carried out once every 24 hours. Moreover, the daily output and the specific 
gravity of the urine are controlled as far as possible. 

All these values are recorded, with the therapeutic data, on a scheme (Fig. 2) 
which facilitates the survey of the condition and therapy. 

Fig. 2 illustrates a typical course of a severe poisoning treated as described. 

A female, aged 22, suffering from epilepsy. 

Shortly before admission, the patient had taken about 8.5 g of phenobarbital plus 
about 8.5 g of phenantoin. 

On admission, in deep coma, with areflexia and a blood pressure of 90/60. 

For 12 hours in severe shock with a blood pressure decreasing to 80/60, but improved 
on intravenous administration of a total of 2.5 litres (macrodex (a 6 % solution of dextran), 
-j- a solution of dried blood serum -|- blood concentrated dry serum). 

For 132 hours continuous oxygen therapy, through an endotracheal tube for 48 hours. 

On the 3rd, 5th, and 6th days initial shock with hsemoconcentration and a falling blood 
pressure, immediately improved upon intravenous injections. 

^The barbiturate content of the blood remained strikingly constant and increased (about 
%) for 4 days after which it fell. After 8 days it was still 8.4 mg %. 

The temperature, which at the outset had been somewhat subnormal, if anything, 
ranged from^ 38° to 39° C, and during the 24 hours before she awoke from 39° to 40° C. 

After having stayed in the department for 128 hours, the patient woke up. 
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The patient is placed in a slight Trendelenburg position during the first few days 
to prevent aspiration of gastric contents. Heels and Imees are packed with cotton 
wool to prevent decubitus ulcers. 

A hollow tongue depressor is inserted through which oxygen is administered 
eontinuously. 

Every other hour, the patients are turned over. At the same time, intensive 
slapping of the chest wall and suction of secretion from the air passages are per- 
formed. 

Procaine penicillin, 300,000 units, is injected subcutaneously every day as a 
prophylactic measure. 

The fluid balance is maintained by subcutaneous or intravenous administration 
of usually 2 litres of fluid daily. 

If Goni'plications occur, thej’- are immediately treated. SJiooJc is often present on 
admission or may occur during the course of a severe poisoning. The signs of well- 
marked shock are a poor general condition, rapid pulse rate and respirations, cool 
extremities, hffimoconcentration, a decreasing blood pressure with a small ampli- 
tude. A shock must, however, be arrested before it has become well-marked. There- 
fore, an alteration in only one respect, such as a fall in blood pressure, may indicate 
therapeutic measures, e. g. blood transfusion or infusion of macrodex or perhaps a 
solution of dried blood serum. Often litre is sufficient, but in severe cases, 2 or 
even 3 litres may be required, although care must be taken to avoid pulmonary 
oedema. Concentrated dry serum, i. e. 2 parts of dry serum shaken with one part of 
fluid, is particularly effective] it is indicated in cases of threatening pulmonary 
oedema or if there are other reasons for hesitating before administering large 
amounts of fluid. 

Some patients are apt to have shock on almost every day of the poisoning, while 
others are stabilized after the first 12 or 24 hours in the department. 

The air 'passages commonly become obstructed in unconscious patients, resulting 
in a laboured respiration and at times tachypnoea, fever, and cyanosis. Signs of 
respiratory obstruction call for suction from the pharynx, tracheal toilet, and, if 
required, intubation. The tracheal tube must be changed daily, and should not 
be left for more than 24 or 48 hours, unless absolutely necessary. Signs of atelectasis 
or other pulmonary complications call for bronchoscopic examination. At an early 
stage, sensitivity determinations of organisms cultured from the bronchial secre- 
tion must be done to decide the most effective antibiotic therapy. 

Respirator'y paresis, sometimes total apnoea, is common in severe morphine 
poisoning. The treatment is immediate artificial respiration with a )>to and fro 
When performed correctly, artificial respiration can nearly always tide 
the patients over this crisis, even in severe cases. In 1951, all our 29 cases of mor- 
phine poisoning were cured, although 10 required artificial respiration for periods 
ranging from 3 to 17 hours. 

Apnoea may also occur in very severe barbiturate poisonings, but usually at a 
later stage than in morphine poisoning. The prognosis is much poorer than in the 
latter. 

In the ordinary course of events, any form of stimulation has been abandoned. 
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In respiratory paresis, however, moderate stimulation with ceastimol (nlittu-- 
acid-bis-diethylamide) or amphetamine may he indicated, but it is verv ^Ah' 
effective m severe cases. On the other hand, e. g. amphetamine, 25 mrr 
cularly, may be helpful m producing a more ample flow of blood in collaVcd vd- 
This facilitates the venous puncture in a patient in shock. Picroto.vin is never usd’ 
Heart failure is rare in the absence of pre-e.visting heart di.scaso, but not untom- 
mon in cardiac patients with barbiturate poisoning. In that case, strophaniin or 
cedilanid may be administered and some caution must be exercised in adininlstorin-r 
fluids. ‘ ‘ • 


Gradually as oxygen therapy has become more systematic and effective, ;.d- 
monarij oedema has been reduced to an uncommon complication. Its occurrcp.ce 
indicates intubation with suction and simultaneous intravenous injection of a 
hypertonic solution of glucose (e, g. 100 ml 50 %) and in some cases conceatratd 
dry serum. As a rule, pulmonary oedema rapidly yields to these measures. 

Laryngeal oedema may occur in rare cases in which prolonged intubation has been 
required. It may, in exceptional cases, necessitate tracheotomy, if the patient is 
unable to breathe without the tube after awakening. 

Hypothermia is commonly met with in poisoned patients on admission, if they 
have been lying out of doors or uncovered in bed. It is important to re-establish 
the normal liody temperature as soon as possible. This is obtained most effectively 
by placing the patient in one of the arches with incandescent lamps as used in 
physical therapy. The patient is covered with a sheet and the incandescent arch 
with, blankets so that the heat is distributed all over the body, up to the nsiliac. 
By this procedure, it is possible to raise the tcmperatuTc to normal within a few 
hours, even though it has shown minimal values on admission. 

Hyperlhcrmia was prcxiously a common and dreaded complication, occurring 
without warning, without demonstrable cause, and, reaching maximum value?, 
not infrequently leading to death. 

j:kfter stimulation was totally abandoned, these alarming elevations of tempera- 
ture have practically ceased to occur. If a tendency to fever is observed, it can usually 
be controlled. Primarily, the cause of the fever must of course be traced, if possible, 
and treated. In this connection, special attention must be given to the possibility 
of atelectasis. In some cases, it may be advisable to alternate the antibiotic agent- 
The immediate regulation of the heat also merits attention. Removal of blankets^ 
leaving the patient with only a sheet over him, is often effective in counteracting 
fever in coma. In rare cases cold packings may be used or salicylic acid, 3 g, laa.^ 
be administered by rectum. It is important, however, to start treatment c. g- Ov 
39" or 39.5° C and not wait until the fever has reached excessive heights. 


Cour.se. 

In this treatment, it is endeavoured to maintain physiological condition- 
as at all possible during the period of unconsciousness — which in severe ^ 

may last for more than 10 days. Even after awakening, the patient must no i* 
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under painstaking supervision for a few days because, owing to bis debilitated 
condition, be is an easy prey to pneumonia or possibly renal damage. 

As stated in tbe introduction, tbis line of treatment bas proved extremely effec- 
tive. It bas reduced tbe mortabty from narcotic poisoning to a minimum. By now, 
most of tbe patients wbo die are already frail, e. g. because of serious heart disease. 
At tbe same time, tbe therapy is gentle and well tolerated as is apparent from tbe 
fact that 12 of tbe severe barbiturate poisonings treated during 1951 involved 
persons ranging in age from 70 to 85 years (period of unconsciousness from 24 to 
144 hours), all of whom recovered. 


Summary. 

From 1949 tbe treatment of poisoning in Copenhagen and suburbs bas been 
centralized in one department where about 800 cases are treated annually. 

Tbe organization of tbis department is outlined, tbe principles of treatment 
described, and tbe results reported. 

The previously very high mortality bas been reduced to a minimum. 
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Tlie Anurias Eollowiiig Kidney Transplantation. 

By 

W. J. DEMPSTER, E. B. C. S. E. 

(Submitted for publication August 4, 1953.) 


Clinical interest in the possibility of permanent survival of homotransplanted 
kidneys is real and, of necessity, exacting in its demands. Nothing short of a 
well-functioning kidney can be of any value to the cbnician. In the past, atten- 
tion has been focussed almost entirely on the obscure immunological problems 
involved in the homotransplantation of tissues. Transplantation of whole organs 
presents one with technical problems whose very existence could never be sus- 
pected from the rather unreal techniques of implanting small slices of organs 
in the subcutaneous tissues of rodents. The kidney is a complex organ and it 
is not surprising that some technical problems have arisen in the course of trans- 
planting a considerable number in this laboratory. Perhaps the most important 
of these, from a clinical point of view, is the failure of a kidney to secrete after 
transplantation. 

It is of some importance to recognise at least four types of anuria followmg 
auto- and homo-transplantation of kidneys in dogs; 

Type 1. Failure to secrete after the establishment of the new circulation; this 
occurs in both auto- and homo-transplanted kidneys and has been previously 
referred to as the »anuric kidney) (Dempster, 1953 a). 

Type 2. An anuria following a period of poor secretion and associated with the , 
toxic syndrome (Dempster 1953 b). This may manifest itself at any time between 
24 and 48 hours after transplantation. Immunological factors would not appear 
to play any part in this anuria as it was found in autotransplanted kidneys. 

Type 3. An anuria which occurs in homotransplanted kidneys (»first)) kidneys 
— Dempster 1953 a) at a varying interval after transplantation and following 
a period of good secretion. It is of abrupt onset in that the anuria is established 
over a period not exceeding 12 hours and often under 6 hours. This anuria is 
assumed to be the result of an antigen-antibody reaction but the sites of union of 
the antigen and the antibody have not yet been demonstrated. The exact cause of 
this anuria has not been established but it is closely related to an irreversible 
.spasm of the intrarenal components of the renal artery (Dempster, 1953 d). While 
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the generalised arterial spasm can be easily demonstrated in the homotranM,hntr,l 
kidney by arteriograms, other factors would appear to be at work (a' n ^ 
sequence of histamine liberation, for example), which lead to a procrciivo' 
lysis of the renal parenchyma. This anuria is also associated with a to.Tic svmltom 
in a large percentage of cases; the two factors of anuria and toxic syndrome have 
been taken as indicators of imminent disintegration of kidney liomotransplants 
(Dempster 1953 a). Some aspects of the factors relating to anuria Type 2 and 
anuria Tjqie 3 and their association with a toxic sjmdrome have hcon discussed 
elsewhere (Dempster 1953 b). 

Type 4, An anuria which occurs within a few hours of liomotransplanting the 
»second» kidney from the same donor to the same recipient as received the »fir=!> 
kidney. The anuria follows a few hours of secretion and is associated with severe 
and widespread disintegration of the renal parenchjnna (Dempster, 1953 d, Res, 
10 and 11). Again, this reaction is assumed to be due to a severe antigen-autibolv 
xeaction and is closely related to intense, generalised intrarenal arterial .spasm. 
A similar reaction has been demonstrated in ofirsta kidneys wliicli have follmrcd 
primary sensitisation with skin homografts (Dempster 1953 c). This type of nniiris 
is of experimental interest only. 

The anuria with which the present paper is mainly concerned is the first of 
the four — Type 1 or the aanuric kidnep. As this t 3 'pe of anuria occurs in both 


auto- and homo-transplanted kidneys, it would not appear to invoh'c an im- 
munological phenomenon although this latter factor cannot be entirely rulctl out. 
As this type of anuria has so far proved to he quite unpredictable in its occur- 
rence, it is of some clinical importance to those who wish to continue trans- 


planting kidneys in humans. 

In the ordinary course, a transplanted kidney starts secreting clear, dilute 
and copious urine within ten minutes of establishing a new circulation. Oc- 
casionally, in spite of what would appear to be nil adequate circulation (Fig. 
1 A), a transplanted kidney fails to secrete, or in some cases secretes less than 
50 ml in the first twenty-four hours. In a series of auto-transplantcd kidneys, 
the author recorded a 5 % incidence (Dempster 1950); in a series of homotran‘;- 
planted kidneys a 16 % incidence of anuria was recorded (Dempster 19D3 a). 
Decent experiments show a slight decrease in the incidence of Type 1 anuria 
and this may be related to increased speed in removing kidneys. Type 1 anurias 
were not investigated or fully documented until several had been e.xperiencca 
and after it was realised that mere improvement in operative tcchiiitiuc wouui 


not entirety remove this complication. ^ 

In a recent case of Type 1 anuria, an arteriogram on the third day (t>g- 
showed cortical ischaemia. It was thought that Priscol might have some cfh'c^ 
in relieving this cortical ischaemia and accordingly an injection of Trisco! wu' 
given. It was surprising to find that Priscol produced further spasm of the nm 
arteries (Fig. 3), without, however, completely closing down any '’cssel. A 'rw 
reference to the effect of Frisco) on the renal circulation of the dog will la* in- 
cluded in this paper along with some observations on the renal circulation o 
the dog under certain abnormal conditions. 
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The main purpose of this paper is to draw attention to some cases of Type 1 
anuria which occurred in auto- and homotransplanted kidneys in the course of 
experiments conducted over the last three years, 

Materials and Methods. 

It should be appreciated that Type 1 anuric kidneys were accidental findings 
in experiments designed for the purpose of studying the behaviour of the trans- 
planted kidney. Accordingly, there was no formal investigation of Type 1 anuria 
as such. 

All kidneys were transplanted under the same conditions. The period of is- 
chaemia involved in transplanting the kidneys was about 20 minutes. The details 
of kidney transplantation and associated techniques have been described else- 
where (Dempster, 1950, 1953 a and d). The material for analysis in this paper 
consists of 18 cases of Type 1 anuria in autotransplanted and 16 cases of Type 1 
anuria in homotransplanted kidneys. All the autotransplanted kidneys which 
were anuric were removed 36 — 48 hours after operation. Most homotransplanted 
kidneys were removed after a similar interval of time but four were left in the 
animals for 3 — 5 days. All kidneys were fixed in 10 % formol saline within 5 
minutes of removal. 

Arteriograms were made on seven Type 1 anuric kidneys by injecting Thoro- 
trast into the carotid artery which was anastomosed to the renal artery. Priscol 
(Ciba Products Ltd. — 1 ml = 25 mg) in varying doses (0.3, 0.6, 1 ml) was 
injected either intravenously or intra-arterially. Arteriograms were made at 3, 6, 10 
and 15 minutes after the injection. In some cases arteriograms were taken some 
hours after the injection of Priscol. The effect of Priscol at each dose level was 
repeated at least twice in different kidneys. Normal, autotransplanted and homo- 
transplanted kidneys were used. The technique of making arteriograms of normal 
kidneys was as follows; a catheter was passed via the right carotid artery to the 
origin of the renal arteries, and arteriograms taken with the kidneys in situ (Figs. 
5 and 6). Blood pressure recordings were taken during all Priscol experiments. 


Results. 

Histological features: (1) 36— i8 hours after transplantation. 

Total number of kidneys: autotransplants: 18 

homotransplants: 12 

In both auto- and homotransplanted kidneys three histological groups could 
be defmed: 

1. Those kidneys showing little change beyond generalised cloudy swelling of 
the tubule ceUs and a few casts in the distal tubules and collecting tubules: 
auto: 8 
homo: 2 
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2. Those kidneys shoMdng universal or focal necrosis which was somoth,u- 
associated with interstitial oedema and/or casts in the distal tubules- 
auto; i 
homo: G 


3. Those kidneys showing widespread casts in both proximal and distal tubal. - 
and associated with some empty, dilated distal tubules: 
auto: 6 
homo: i 


In Group 2, the cortex was always the most severely damaged area (Fig. 7) 
In most cases, the medulla was fairly healthy although scattered areas .shoiroi 
tubular desquamation. In Groups 2 and 3 there was often an associated congc.siion 
and interstitial oedema and free haemorrhage. In Group 2 the tuft capillaric.i 
were sometimes dilated and in others spastic. Usually dehacmoglobiniscd red 
cells could be seen in the tuft capillaries. Occasionally, in homotransplant.s, foal 
necrosis could be seen in the tufts. Thrombosis of the renal vessels was not seen. 
There was usually a precipitate in the subcapsular space of the glomcruiu?. 
Sleeving of the tubular epithelium was evident in some cases. No polvniorph 
zone, no pigmented casts and no basophil intimitis were observed. The pro.xima! 
tubule damage was usually more severe and more extensive than distal tubule 
damage. Syncytial formation was obvious in some cases (Fig. 12, Dempster 
1933 a). In Group 3 the most striking feature was widespread cast formation 
mainly in the distal tubules (Fig. 8). Associated features were interstitial oedenw 
and/or small foci of tubular necrosis. 


(2) 60 — 72 hours after Iransflantation. 

There were two homotransplauted kidneys in this category. Both showed 
dilated tubules, some casts in the cortico-medullary zone and in the medulla. 
There was some cloudy swelling of the tubule cells. The glomeruli were enlarged. 
The usual immature plasma cell reaction was present. 


(3) About 96 hours after transplantation. 

There were two homotransplauted kidneys in this category. One showed are.a=i 
of focal necrosis with a violent polymorph infiltration. The other showed wide- 
spread cast formation, small foci of necrosis and a well-established immature 
plasma cell infiltration. 


Arteriograms. 

If kidneys arc secreting, arteriograms taken within an hour of transplant.ation 
show normal cortical filling. Arteriograms of Type 1 nmiric kidneys vary sera 
after transplantation. In seven ca.ses of Type I anuria three showed fairly gw 
cortical filling, one .showed a curious blurring of the renal ve,-=scl outline (tic- 
1 b) which was not visible in arteriograms taken some days later, one 
complete cortical ischaemia, and two showed poor cortical filling. Art.rio,. 
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of Type 1 anuric kidneys at 48, 60 and 90 hours always showed severe arterial 
spasm with a virtual cortical ischaemia. 

The vasoconstrictive effect of Priscol was established in three minutes after 
its injection intravenously but was maximum at about ten minutes. 

Discussion. 

Experience in transplanting kidneys will convince one of the reality of Type 1 
anuria. Even after considerable experience, I am unable to guarantee that any 
given kidney will secrete after being transplanted. It would follow that one should 
take the possibility of the occurrence of Type 1 anuria into consideration before 
recommending kidney homotransplantation in the human. In fact, our knowl- 
edge of the behaviour of the transplanted kidney is so fragmentary at the moment, 
it would not seem to be profitable to transplant kidneys in humans. 

There are certain rather ill-defined signs which can be seen immediately after 
releasing the new circulation, which give one the impression that any given 
transplanted kidney will not secrete. These signs are: 

1. The ureter does not perform active vermiform movements. One feels con- 
fident of success if, within ten minutes of opening the new circulation, the ureter 
imdergoes active peristalsis. 

2. The ureter does not swell up or bleed profusely from its cut end. The swell- 
ing of the ureter of the transplanted kidney has been described elsewhere (Demp- 
ster 1950). 

3. The normal tension in the kidney is not attained. The kidney remams 
rather soft and one can observe that the pulsations of the renal artery are not 
as robust as usual. The kidney retains its red colour, however, as the capsular 
artery comes off the main renal artery before entering the kidney. The external 
colour of such kidneys gives one no clue as to the degree of the intra-renal is- 
chaemia. 

Arteriograms were made of only seven Type 1 anuric kidneys and so one is 
not able to generalise on the nature of the renal circulation soon after trans- 
plantation. Three anuric kidneys revealed fairly normal arteriograms soon after 
transplantation but later on (3rd and 4th days) cortical ischaemia was evident 
(Pigs. 1 A — 4). In one instance there was complete cortical ischaemia soon after 
transplantation. Others were intermediate between these two extremes. It would 
appear, therefore, that the state of the renal circulation in Type 1 anuric kidneys 
varies from case to case and this provides some explanation of the histological 
variation. The blurring of the renal vessels in some anuric kidneys requires further 
investigation (Fig. 1 B); it may be an artefact due to kidney movement during 
the exposure. 

There is no factual data to support the assumption that some degree of cortical 
ischaemia was present in all kidneys at some period immediately following release 
of the new circulation. There is, however, definite evidence that, just prior to 
the removal (some days later) of Tjqie 1 anuric kidneys, a cortical ischaemia 
was present; but this is evidence only at one point in time. There is evidence 
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m one case that on the 3rd and 4th days of anuria the same degree of corti..! 
^chaenna was found in arteriograms taken on successive days (Fi^s » aad M 
The available evidence suggests, therefore, that some factor 

spasm of varying degree soon after releasing the new circulation and this i= t!- 
cause of some cases of Type 1 anuria. 

It was due to the fact that cortical ischaemia was recognised in Type 1 nmiric 
kidneys that Priscol came to be used in these experiments. Tlierc was no in. 
dication in the literature that Priscol was vasodilator to the renal vesscl.=;, hut a 
priori it was assumed to be. The first injection was made into the carotid artm- 
anastomosed to the renal artery of the transplanted kidney. It was an tmox- 
pected result to find that Priscol increased the renal arterial spasm alrcadv 
present. In other experiments Priscol was given in smaller doses and intra- 
venously; doses of 0.3 ml also produced renal arterial spasm (Figs. 9 and 10). 
It is to he noted that even with severe spasm following Priscol a cortical flos- 


can occur and urine production continues; there is no evidence tliat Priwol 
completely shuts down the afferent arterioles. The duration of the Pri.scol effect 
has not been precisely determined. Evidence from two secreting kidneys is thp 
following: the intense constriction is still present GO minutes after the injection, 
at 90 minutes it is less intense and at 150 mmutes there is only slight recover}’. 
It is known that 24 hours after the injection of Priscol the renal circulation has 
resumed its previous appearance (Figs. 2 and 4). There was no evidence that 
small intravenous doses of Priscol dilated the renal vessels. Normal kidney.' 
responded in a manner similar to transplanted kidneys after injections of Prisoo! 
(Figs. 5 and 6). 

Neither auto- nor homo-transplanted kidneys, in which Type 1 anuria occurred, 
showed any significant relation to the histological features of human cortic.al 
necrosis (Fig. 11); this is perhaps due to the fact that no rc-establi.shmcnt of .an 
outer cortical circulation occurred. Neither did the histology of Type 1 anuria 
resemble that of Typo 3 anuria (Fig. 12). If a homotransplanted kidney is )i’ft 
in the host for 24-48 hours after Type 3 anuria sets in, the renal panmehrma 
disintegrates rapidly and at a pace far greater than can be attributed to i.schaemia 
alone (Fig. 12) — if one can assume that cortical necrosis is due mainly to ra- 
cular spasm. This was not the case with Type 1 anuric kidneys in which cron 
after four days of anuria the renal parenchyma was in a fair condition. It wouh 
appear, therefore, that associated with the generalised vascular .sjinsm m Type . 
anuria, there are lytic processes going on which rapidly destroy the renal jiareti 
chyma. The lytic factors may be due to histamine release as a consequence o5 
the union of antigen and antibody in the kidney. It is important, * 

remove homotransplanted kidneys as soon as po.ssiblo after the onset o }p 
anuria otherwise their histology becomes hopelc.ssly obscured. Type • antin- 
the natural termination of the life of a homotran.splanted kidney aw it • 
be realised that by the time this anuria occurs irrever.siWe parenchymal riamv 
usually has already' occurred. There is no possibility' of such a kicney .ccr, 

again. _ _ .] if. 

Homotrnn.splnnted kidneys usually show .signs of immature p nsina 
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filtration from the third day, after transplantation (Dempster, 1953 a). Of the 
four homotransplanted kidneys which were auuric for 3 — 5 days, three showed 
signs of immature plasma cells. The fourth kidney was diffusely necrosed, and 
the plasma cell reaction was absent. It would appear, therefore, that even if the 
homotransplanted kidney is not functioning as a physiological unit its reticulo- 
endothelial system is still able to react against the host serum — provided such 
serum is actually coursing through the kidney interstitium. It has already been 
indicated (Dempster, 1953 a) that the plasma cell reaction is confined to the 
cortex of the homotransplanted kidney. In the presence of severe cortical is- 
chaemia a generalised plasma cell reaction could hardly be expected to occur. 
The fact that a medullary circulation may be maintained is of no consequence 
so far as the plasma cell reaction is concerned. It would appear, therefore, that 
imless a transplanted organ or tissue is receiving an adequate blood supply and 
is metabolising normally, it will not reveal the mechanism of its normal response 
to a new environment nor will it react against the serum of its host. This perhaps 
explains why after many years of careful research into the effects of implanting 
small pieces of organs in rodents, no one has observed that a homografted organ 
reacts as vigorously against the host serum as the host’s reticulo-endothelial 
system reacts against the organ. 

The anuria (Type 2) associated with a toxic syndrome is not always easily 
explained. It has been shown elsewhere (Dempster 1953 b) that autotransplanted 
kidneys may fail on account of vascular accidents and may show three types of 
necrosis — general, polar and focal. It is obvious that anuria would result from 
the general type of necrosis. It is not easy to understand why anuria should also 
occur in the polar and focal types of necrosis in which larger areas of the kidney 
remain healthy. 

Type 4 anuria is associated with severe glomerular damage and generalised 
arterial spasm of varying degree (Dempster 1953 a, Figs. 516 — 519; Dempster, 
1953 d. Figs. 10 b and 11). )>Secoud» kidneys always secrete normally after es- 
tablishing the new circulation but some hours later sudden anuria occurs. If 
arteriograms are taken an hour after transplantation at a time when the kidney 
is secreting they appear normal; if arteriograms are taken soon after the onset 
of anuria cortical ischaemia or generalised vascular spasm is found (Dempster 
1953 d. Figs. 10 a and b, and 11). 


The Cause of Type 1 Anuria. 

Among many possible causes, two may be selected for special attention; 

1. Arteriolar spasm. 

2. Damage to the filtering mechanism. 

1. Arteriolar spasrn. 

Arteriolar spasm may be initiated by direct nervous irritation during removal 
of a kidney. There is some evidence for the factor of nervous irritation: Houck 
(1951) stimulated the nerves on the renal artery and produced afferent arteriolar 
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constriction severe enough to be visible as infarcts. If one assumes that aff r , 
arterjolar .spasm ma.s incurred during the removal of the kidney, one 
assume that tlie act of denervation (?. c., in removing the kidney) and the tv, fat” 
minutes complete ischaemia in no way reversed the spasm. There is no fnctiid 
evidence in tlie present material which .strongly confirms sucli an assumptioa o', 
the assumption that nervous stimulation initiated arteriolar spasm, a policy of nui,i- 
removal of kidneys was instituted in this laboratory. This jiolicy reduced hv 
has not eradicated Type 1 anuria. The fickleness of the renal circulation kayfi 
one in a cloud of ignorance. However, certain facts have arisen from the material 
■so far collected: 


1. The blood flow through anuric kidneys is usually markedly reduced. 

2. Where cortical ischaemia exists, there may be a ju.vtamcdullary cortirai 
circulation. This latter pathway does not necessarily represent an alternative 
pathway for the previous normal renal blood flow. When cortical ischaemia exids 
there is an increased renal peripheral resistance which usually affects the vvholo 
of the renal vasculature. The previous total blood flow is then reduced and what 
flow there is takes the only path open to it, which happens, in most cases, to hf 
the juxtamedullary vessels; in very severe conditions of intra-renal sjinsm even 
this pathway is closed and blood enters the main branches of the renal artery 
and, from there in some way presumably gets into the venous side (Sec Fig. 2, 
Dempster, 1903 d). This latter statement is an assumption. Venous filling h,'i« 
not been demonstrated in cases of severe spasm as indicated in Fig. 2 (Dempder 
1953 d). However, on cutting the renal vein a small trickle of blood doe.s emerge 
(10 ml/minute being the lowe.st recording). 

The sOxford shunto is perhaps too mechanical a concept to fit the infinit*' 
number of variations to which the renal circulation may be subjected. From tlio 
small selection of arteriograms presented in this paper, one can draw certain 
conclusions about the renal circulation in transplanted kidney.s which may Imvf 
a bearing on the possible circulatory variations in the normal kidney: 

1. There may be a normal renal blood flow in wliich case there is normal 
cortical filling. 

2. TJicre may be a reduced renal blood flow with fairly good cortical filling an' 
known to be associated with Type 1 anuria but usually with secretion (I'ig. 1 -M' 

3. There may be a severely reduced renal blood flow with surprising!} 
cortical filling and known to be associated with urine formation (Figs. 0 and 10). 
Henal vascular sjiasin does not iiece.ssarily imply only afferent and/or efferent 

arteriolar spasm. .. 

4. Where there is cortical i.schaemia there is usually a reduced renal ilooi 
(Figs. 2 and 4) even if generalised vascular spasm is not present; the re\(r.,'. i 

not necessarily true. i, ,■ n 

0. Afferent arteriolar spasm is not necessarily related to nervous stinuia m.. 
Some anuric kidneys have shown a fairly normal arteriogram within an Umn 
after transplantation (Fig. 1) and at a later date afferent arteriolar .spa=m 
set in (Figs. 2 and 4). Type 3 anuria is always associated with a genemlisc' 
cular spasm (Fig. 13) which may manifest itself at any time up to 18 (a).' 
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transplantation — and hence, 18 days after denervation. Sympathetic block and 
spinal anaesthesia, therefore, would seem to be ineffective measures to be em- 
ploj’ed in human acute anurias. Afferent arteriolar spasm, then, may be due to 
many causes — one of which may be nervous stimulation. The ^Oxford shunt) 
supporters hai^e perhaps exaggerated the role of nerve stimulation in producing 
renal vascular spasm and cortical ischaemia; furthermore, one is left in ignorance 
of the duration of the effects of such nerve stimulation, the nature of the renal 
damage if any which ensues, and the renal blood flow before and after such 
stimulation. Block et al. (1952) failed to produce anuria or oliguria for longer 
than 70 minutes following electric stimulation of the renal nerves. 

Selkurt (1945) has shown that following an interval of complete renal ischaemia, 
a period of increased renal vascular resistance ensues. As evidence of this there 
was found to be a reduction of the actual blood flow which persisted for some 
considerable time. Selkurt (1945) was of the opinion that following periods of 
ischaemia renal vascular resistance was mainly due to arteriolar resistance. So 
far as transplanted kidneys are concerned, there is always a reduced blood flow 
for some hours after releasing the new circulation but even renal blood flows 
of 1.5 ml/min./gram of fresh kidney (normal: 3 — 4 ml/min./gram fresh kidney) 
are compatible with urine production and fairly good cortical filling. On the 
other hand, there may be an individual variation in which arteriolar spasm is 
more violent and persists for sufficiently long as to become irreversible and that 
this is the cause of Type 1 anuria in certain cases. The histological evidence is 
in accord with some aspects of the description given of acute cortical necrosis 
(Sheehan and Moore, 1952). 

2. Damage to the filtering mechanism. 

Sheehan and Moore (1952) have placed the filtering mechanism high on their 
list of the gradient of sensitivity of renal tissues to ischaemia. Without producing 
much in the way of experimental evidence to support their claim, they argue 
that half an hour of ischaemia is sufficient to damage the integrity of the filtering 
mechanism. One can spend half an hour transplanting a kidney and within ten 
minutes of releasmg the new circulation the kidney secretes copious urine with 
a high protein content. This increased proteinuria is transient and within two 
hours has disappeared (these experiments will be presented elsewhere). It may 
quite well be that individual variation produces more than average damage to 
the filtering mechanism and widespread cast formation results. The casts later 
block the tubules and, using a concept of Woods (1946), the sudden alteration 
of relative pressures in the inter-tubular capillaries and the cast-laden tubules 
leads to rupture or congestion of the former and interference with the renal cir- 
culation naturally follows. This sequence of events could explain some cases of 
Tjq)e I anuria in transplanted kidneys. 


The Relationship of Type 1 Anuaria to Immunological Factors. 

There is no eWdence that any immunological factor is involved. There is some 
evidence which points rather to technical and against immunological factors. It 
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is indicated elsewhere (Dempster. 1953 a, Table 5) that .first, kulnovs re/rm-] 
after 24 hours did not appear to immunise the hosts against .sccowU ki, 
from the same donors transplanted some clajs later. Jf the ki<h,vv, l ' ( 
immunised the liosts, it is most unlikely that the .second, kidneys ivoulil k^vf 
escaped an immediate immunity reaction. It ivill be shown, however, in a 
sequent paper that 24 hours is sufficient time lo initiate some change in the lio=i 
The sole criterion of success of a transplanted organ, from a chnical jmint of 
view, is functional efficiency. Biologists, in the past, however, have often hom 
quite satisfied with some vague sort of histological survival of pieces of or"aii= 
implanted in the subcutaneous tissues. Type 1 anuria, especially Group I, sW> 
that what appears to be histological survival is not significant hi itself. Tiirtlicr- 
more, the kidney autotransplantcd to the neck of dogs is unable to coiicentrat; 
the urine it excretes although histologically the kidney apjicars normal. Tl:.' 
present account of anuria serves to emphasise tlie need for further animal 
periments before liuman experiments can be carried out with any degree of 
fidence. 

Summary- 


fX- 

roe- 


Four types of anuria following kidney transplantation have been dcscrihch 
Tjqic 1 anuria occurs iu auto- and homotransplantcd kidneys and constitutes a 
serious technical problem, hlo immunological factor would appear to be involved. 

The histological features of kidneys which liave been removed on account of 
Type 1 anuria have been described. Three groups have been defined; 

1. Cloudy swelling of tubule cells. 

2. Generalised or focal tubule necrosis. 

3. Widespread cast formation. 

Some possible causes of Type 1 anuria have been discussed. Befcrcnce lia« 
been made to the renal vasoconstrictive effects of Priscol. 
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Fig. 1 A. Renal arteriogram taken 
30 minutes after liomotransplanta- 
tion. Tlie renal tree and the cortical 
filling appear to be normal. This 
kidney was anuric. Systolic blood- 
pressure 120 mm Hg. 
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Fig. 1 B. Renal arteriogram taken 60 
minutes after homotransplantation. The 
renal vessels are blurred but cortical fill- 
ing appears normal; this would appear 
to be an artefact. This kidney was anuric. 

Systolic bloodpressuro 125 mm Hg. 



Fig. 2. Arteriogram of the kidney presented in Fig. 3. Arteriogram of the kidney pre- 

Fig. 1 A taken on the third daj' after homotrans- sented in Figs. 1 and 2, 10 minutes after 

plantation. The kidney is much enlarged, as is usual an intra-arterial injection of Prisool. 

after transplantation. There is cortical ischaemia and There is considerable spasm of the whole 

some general arterial spasm. This kidney was still renal arterial tree, but no evidence of 

anuric. Systolic bloodpressure 110 mm Hg. complete shut down of anj' vessel. Sj’s- 

tolic bloodpressure 110 mm Hg. 
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^ -ji- - 1 . rtncrio;!ram ol tlic liidiiev „rt- 
scntod m Figs. 1 A, 2 and 3, ,m the fourth 
<lny of anuria. The spasm induced tiv 
f nsool lias disappeared and the renal 
arteriogram now resembles that of Fig. 
2. hy.sto|ic hlnodpressiiro 110 mm Hg. 



I'ig. .'j. Arteriogram of a noriniit left ■ 
kidney in situ. .Systolic hloodpre'sun- 
fiO mm Hg. 


Fig. <i. An arteriogram of the fcidney 
presented in Fig. fi, ten minutes nfie,- 
an intni-aortie injeetion of IVi-eol- 
Tiierc is eonsideralile nrteri.al '(n'm 
involving the ulmle of the ren.il ar. 
terial tree. Systolic hhesipressure 
mm Ilg.: the pressure ro-e after tie- 
I’riseol injeetion. 
















I'ic. 


1 ' Ig- 9 . An arteriogram of a kidnev W 

mnutesaftcrlmmofransplantation no 

adrenal gland was transplanted with 
the kidney and a small renal twig can 

f-P f',"'®,’' ^^en’ont of thef dre- 
nai. hjstohc hloodpressure 100 mm Hg. 


SSF-«=S-!S 

cortical fi/ling'^w nof^ppoTfri^^l'rMr' V 



n. A r’-^tomic^mph ^ a Hon of „ human kidney allowing cortical nccrori. Tl.- r.''-'' 
a ariiinc for 0 days lK.f,ire ileafh rnsuwl. 11. ami K. IC,. 



Fig. 12. A pliotomicrograph of a section taken from a homotransplanted kidney. 'J’lie kidney was 
removed 36 hours after Type 3 anuria occurred. There is widespread parenchymal lysis. H. and E. 

-X-105. 





‘t 





Fig. 13.- .An arteriogram of a homotrans- 
planted kidney which, after secreting 
well, for several days, suddenly became 
, anuric, (Tj-pe 3). The general arterial 
j spasm' is tj’pieal of the terminal phase 
i 'of»first» homotransplanted kidneys. Once 
' this t\'pe of arterial spasm is established, 
; it is irreversible. 
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The Electrocurdiograni in Tobacco Smoking (luring 

Hypoxia. 

A Preliminary Account. 

By 

BERTIL von AHN. 

(Submitted for publication August 10, 1953.) 


On tobacco smoking under ordinary circumstances, a slight flattening of the 
T-waves of 1 — 2 mm or less develops and, simultaneously, an increase in the 
heart rate of 10 — ^20 beats per minute (1, 2, 3, 4, 5, 6, 7, 8, 9). This holds true 
both for smokers and non-smokers and for individuals both with healthy and 
diseased hearts. Similar EGG changes have been observed following injection of 
nicotine (10). In young individuals (2) and individuals with nenxocirculatory 
asthenia tobacco may produce a more pronounced tachycardia with resultant 
greater decrease in the height of the T-waves. It should he pointed out, that 
this reduction in amplitude nearly always occurs in connection with an increase 
ill the heart rate. ECG changes on smoking are of the same type as is seen in 
increased sympathetic tone. Previously, they were, probably erroneously, re- 
garded as the result of impaired coronary circulation or a toxic effect upon the 
myocardium. It is very improbable that tobacco smoking, at least in individuals 
with healthy hearts, should be able to disturb the normal balance between the 
work of the heart and the coronary circulation. The healthy heart has an im- 
pressive coronary reserve, which even with greatly increased work of the heart 
compensates the increased oxygen requirement of the myocardium. Similarly, 
the coronary reserve may be reduced considerably before the function of the 
heart substantially deteriorates and pathological ECG changes develop. Wegria 
et al. (11) iu experiments on dogs showed that reduction of the coronary cir- 
culation of 10 — ^35 %, as a rule, did not produce any ECG changes. At a reduction 
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lOO^^'o/ developed. At a reduction of 70 - 

100 /q the changes -were always pronounced. 

Previously, it has been maintained by many authors that tobacco Mno’-ir • 
may release coronary spasm. To support this, in addition to evidence from anb '.i 
experiments O^ora^vitz & Zahn (12)), the fact has been stated that tobacco ilj 
provoke pam of anginal type {atobacco angina*). This may occur both in in', 
dividuals avith diseased and with healthy hearts. In some few cases it hash<,, 
demonstrated that the »tobacco angina* is associated with a definite myocarhi! 
anoxia (13, 14, 15, IG, 17, 18). In all these cases, patients avith coronar'v di-.W' 
of the heart and never individuals avith healthy hearts have been conceriich 

It has not yet been demonstrated that tobacco, as a rule, exerts the s.\n,c 
constricting effect upon the coronary vessels as it undoubtedly exerts upon thf 
peripheral a’essels. 


In order to attempt to obtain some criteria for this hypothetical coroiwrr 
»nicotine spasm*, I haam ina'cstigated the effect of tobacco smoking on the KCG 
during hypoxia. May, by smoking during hypoxia, ECG changes be jirovokel 
aa'hich cannot be produced by smoking under normal circumstances? This problem 
gains further interest and justification as Bellct et al. (19) showed by experiments 
on dogs that the effect of tobacco smoking and nicotine was more pronouncoil 
on hearts with artificial infarcts than on intact hearts. Dogs with cardiac infarc- 
tion developed pronounced ECG changes following a dose of nicotine which wa? 
only' a quarter of that required to produce slight changes in intact animals. 

Hypoxia in the myocardium may^ be thought to develop on account of: 


1. organic changes in the coronary arterio.s. 

2. altered haemodynamic conditions. 

3. reduced oxygen content in the coronary blood. 

4. spasm or reflex constriction of the coronary arteries. 

According to Katz (quoted by Jervcll (20)), coronary insufficiency i.s more 
frequently a sequel of anatomical changes in the vessels and disturbances in th'' 
dynamics of the coronary' circulation than a sequel of vascular constriction or 
spasm. The hy'pothesis of spasm can, however, not be rejected but i.=, in certain 
cases, the most probable cause of acute coronary insufficiency (c. ff. angina p'< 
toris without simultaneous increase in the heart rate). That coronary spasm ac 
tually exists has recently' been demonstrated by' Spritzler et a). (21) by cxp ri 

ments on dogs. . . ,, 

On inspiration of an o.xygen-poor mixture of gasc.s, hypoxia undoulitci 
develops in the my'ocardium and in this way' one condition for coronary m 
ficiency is present. The organism attempts to compensate for the oxygen ^ 
ficienev by increasing the minute volume among other factors. In hypram, ■' 
coronary vessels also dilate. Dietrich and Schimert (22) .showed, in .aninm ' 
periments, that induced hypo.xia causes increase in the coronary ^ 
greater tlian would correspond to the simultaneous increase in the minute roii 
If tobacco smoking or nicotine cause any .«:ignificnnt constriction of the 
vc.sse]s, this might impede the compensatory' dilatation of the coronary' 
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It is also conceivable that the carbon monoxide contained in the smoke might 
accentuate the li}’poxia in the myocardium. 


Material. 

The material consists of 46 volunteers, 34 of whom were in the age group 20— 
26 years (group I), 20 smokers and 14 non-smokers, and 12 in the age group 
38—51 years (group II), of whom 2 were non-smokers. All -had clinically healthy 
hearts. In group I, one individual with heart disease is present (case 6)i This 
case was, however, not included in the statistical analysis. 


Method. 

The smokers abstained from smoking for 3 — 4 hours prior to each test. Prior 
to the tests, the volunteers rested for 30 — 40 minutes on a comfortable couch. 
Each volunteer underwent at least two hypoxia tests, lasting 19 — 20 minutes. 
The fii-st served as a control test. During the second, the volunteers smolred a 
cigarette or 3 — 4 cm of a cigar (Flor de Vallez). The first EC6 was taken after 
6 minutes’ hypoxia, when the respiratory rate, the heart rate and the oxygen 
saturation of the blood had become stabilized at constant levels. During the 
smoking tests, tobacco smoke was supplied via a special lateral mouthpiece from 
the 9th to the 17th minutes of the test. Tests were also performed with nicotine 
(nicotine bitartrate) which was administered slowly intravenously in a dose of 
3 — 5 mg, calculated as pure nicotine. ECGs were taken after 1, 5 and 8 minutes’ 
smoking. In addition to the usual three leads from the extremities, three chest 
leads were also recorded; CE., CR^ and CR,. The relative oxygen saturation of 
the blood was followed continuously by means of an oxymeter, constructed in 
Sweden (after Millikan). The absolute oxygen saturation of the blood was deter- 
mined b)^ the Pulfrich Step Photometer, according to Jonxis’ method (23). The 
blood was obtained by puncture of the brachial artery where an artery needle 
was introduced. Blood samples were taken prior to smoking, between the 7th 
and 8th minutes of the experiment and immediately after smoking between the 
18th and 19th minutes. The error of method in this procedure only attained 
0.66 % (percentage of oxygen saturation). Differences in the arterial oxygen 
saturation of less than 2 % are thus statistically reliable. 

The composition of the gas mixture employed was 6.5 % 0., 4.o % COj and 
89 % No (after Malmstrom (24)). 


Results. 

Normally, during the hypoxia test, flattening of the T-waves occurs together 
with increase in the heart rate, which stabilises itself at a constant level after 
about 5 minutes. After the elapse of the same period, the arterial oxygen satura- 
tion is stabilized at, on an average, 67 % and thereafter remains constant or 
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fcllB Mer by 2-3 % after 18-J9 mnales’ hjTOxia daring ,l,c 
\_\ith fevr exceptions, the oxymeter registered the same relative oxynen 
tion durmg both control and smoking tests in the same individual. Tlim tol«-o 
smoking did not tangibly influence the general arterial oxvgcn saturation 


Group L Volunteers in the age group 20—20 years. 

Cigarette smoking. 

In connection -with smoking, the heart rate increased by 10—20 beats per 
minute and the T-waves averc further flattened in all leads. In one case onlv the 
T-waves became negative (lead II) after smoking. No tangible depression o( S-T 
was observed, nor were any arrh}'thmiae registered. 

Cigar smoking. 

As the volunteers absorbed more nicotine and carbon monoxide on cigar 
smoking than on smoking of cigarettes, more pronounced ECG changes might 
be anticipated after cigar smoking. During the cigar tests the volunteers smoked, 
as a rule, 3 — 4 cm of the cigar ( = 2 — 3 gm tobacco) and thus in the same peried 
they consumed considerably more tobacco than on smoking a cigarette (=1 gra 
tobacco). 

The ECG changes observed were of the same type ns in the cigarette tc.'t?, 
only in some cases more pronounced (see Figures 5 a and 5 b). 

Experiments with nicotine. 

In the nicotine experiments, the same type of ECG changes were observed 
as in the smoking experiments. The volunteers did not suffer any inconvenieiirc 
from the nicotine doses of 3—5 mg which were administered. A slight or nwht- 
ate, rapidly transient euphoria was common. 


Group n. Voluuteors in tho ago group 38—61 years. 

Cigar smoking. 

In one case only did the heart rate increase tangibly, viz. by 23 beats pr 
minute (case 5, below); in one case the heart rate fell by 13 beats per niinub’. 
In the remaining 10 cases, the alteration in the heart remained within the limits 

— 3 to + 8 beats per minute. m • t • !« 

In only one case (case 5) did significant changes occur in the S— T interva ‘ 

and T-waves. 

Cigarette smoking. 

No changes in the ECG occurred in any of the 7 cases. 

As a rule, the older volunteers reacted much less to tobacco than did t., 
younger volunteers. 



EGG 1 a. EGG 1 b. 

Case 1. Soldier, aged 20 years, liealtliy lieart, non-smoker. ECG 1 a: EGG after 6 
minutes’ lij’poxia and prior to smoking. Heart rate 84 beats per minute. Tj alternates 
between diphasic and weakly positive. Tj negative. 

ECG 1 b: ECG after 17 minutes’ li}'poxia and after smoking a cigarette iu 7 — 8 min- 
utes. Heart rate 92 beats per minute. T« alternates between diphasic and negative. 
Ta more deeply negative. T in CR< flattened. 



ECG 2 a. ECG 2 b 

Case 2. Medical student, aged 26 years. Healthy heart. Smoker. ECG 2 a; ECG after 
0 minutes hj-poxia prior to smoking. Heart rate 106 beats per minute. 

f minutes’ hypoxia and after 8 minutes’ cigar smoking. Heart 

1~0 beats per mmute. Considerable flattem'ng of T-waves in leads II, III and CR,. 







ECG 5 a. EGG 5 b. 

Case 3. Jledical student, aged 25 years. Health}’’ heart. Smoker. ECG 5 a: ECG after 
6 minutes’ hypoxia. Heart rate 93 beats per minute. 

ECG 5 b: ECG after 17 minutes’ hj'poxia after smoking cigar. Heart rate 115 .heats 
per minute. Marked flattening of all T-waves. S — T depressed in CK,. 



egg 6 a. ECG 6 b. 

Case 5. ECG 6 a: ECG 12 minutes after 1 mg dihydroergotamine intravenously and 
alter G mmutes hypo.xia, prior to smoking. Heart rate 85 beats per minute. 


ECG 6 b: ECG after 17 minutes’ hypoxia and after smoking cigar. Heart rate 93 
beats per minute. Sbght flattening of T-waves. 
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Case 3. ECG 7 a: Resting ECG prior to smoking. Heart rate Cl heats per rnincir. 

EGG 7 b: ECG after 8 niinute.s’ cigar smoking under normal conditions (no liypoii?-!- 
Heart rate 89 beats per minute. Slight flattening of the T-waves. 



KCG S .a. 


KCG 6 t. 

Case ■/. Soldier, aged 20 vans. Healthy heart. Smoker. ECG 8 a; ECG after C mint..- - 
hvpoxia. Heart rate 100 beats j.er minute. T. diphasic, Tj negative. 

ECG 8 b; ECG after 17 miuutc.s’ hypo.via and after bit ravenous 'y'-: 

nicotine. Heart rate 101 beats jier minute. T. negative, T, more deeph -- 
CK. flattened. 
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ECG 9 a. 



EGG 9 h. 

Case 0 . Male, aged 38 jxars. Clinicallj' liealthy Leart. Non-smoker. 

ECG 9 a: ECG after 6 minutes’ li)-poxia. Heart rate 91 beats per minute. Normal 

ECG 9 b: ECG after 17 minutes’ b3i)oxia and after cigar smoking. Heart rate 114 

II and CR;, negative in lead III, flattened 

m lead OK,. >S — T depressed m all leads. 




KC(i 10 ti. 

Case 5. EGG 10 a: Hypoxia tost without smoking (coutrol test). LOG after 0 imm,. 

hvno.xin. Heart rate 92 beats per minute. .nnu.f-,- 

egg 10 b: EGG after 17 Illlltid 

minute. S-T slightly depressed m leads 11, 111 and OK ,. .-sng 
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per minute. T-waves somewliat more deepij . 



ECG 12 a. ECU 12 U. 

Case 6. ECG 12 a: ECG after 6 minute’ hy'poxin. Heart rate 133 beats per minute, 
T-waves negative in leads II, III and CRi as in the preceding test. 

ECG 12 b: ECG after 17 minutes' hypoxia and after smoking cigar. Heart rate 130 
beats per jninutc, T-wavos somewhat more deeply negative (particularly in lead CKi) 
as in the control test. 



taiSn%nd^fffer r"' 20 minutes after intravenous injection of 0.5 mg dibydroergo- 

iwaverl? to ^“oking. Heart rate 106 beats per minute. 

X vra\es noA\ posirne in leads I, II and ^ 


Sib'S Jenativrin looS T? changed pathologically; 

in^ad OR,. negatne in lead III and deformed and markedly flattened 
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2. Nicotine stimulates the suprarenal glands to increased secretion of adren- 
alin. The oxj'gcn requirement of the heart is increased by nearly half -when 
stimulated by such small quantities as 1 — 2 y of adrenalin. The o.xygen consump- 
tion is increased by .3 '/; times ivith 10 y adrenalin. Adrenalin increases the 
work of the heart considerably but increases simultaneously the coronary cir- 
culation and oxygen supply. This, however, does not nearly corre.spond to the 
.sudden increase in o.xygcn consumption (Gollwitzer-jMeicr, 29). Adrenalin is not 
only produced by the suprarenal glands but also by the sympathetic neurons 
in the arterial walls and by the heart itself under the influence of sympathetic 
.stimuli (30, 31, 32). 

Thus, nicotine may by increased secretion of adrenalin c.xert a potent anoxi- 
atiiig effect on the mjmeardium. If, in addition, already from the commence- 
ment hypoxia is present in the heart, increased conditions for the development 
of coronary insufficiency are present. This might be the case at least in the older 
volunteers who reasonably must be assumed to have a lesser coronary reserve 
than have the younger volunteers. 

3. It is known from animal c.xpcriments that injection of nicotine reduces the 
potassium content of the scrum. This is also true in man (27). In one case of 
acute nicotine poisoning with alarming clmical symptoms in man, I myself ob- 
served a pathologicall}' decreased value of the serum potassium (10. G mg % (28)). 
It is, however, scarcely credible that the small doses of nicotine which are ab- 
sorbed on tobacco smoking should give rise to any appreciable shift in the electro- 
l 3 'tc balance and influence the EGG. 

4. During the hypoxia test significant hyperventilation most frequently occurs 
which, however, becomes constant after the first 5 minutes. The hyperventilation 
produces greater or lesser variations in the position of the diaphragm with con- 
sequent changes in the position of the heart. Larsen (33) investigated the position 
of the heart at rest on deep inspiration and during hypoxia in some cases. He 
found, that an alteration in the position of the heart may be assumed to contrib- 
ute to a slight degree to the development of changes in lead I and most fre- 
quently to counteract the development of changes in lead III. In my Case No. 1, 
I found that the position of the electric axis was practically unchanged in the 
EGG after 6 minutes’ (angle a = -f 54°) and after 17 minutes’ hypoxia (angle 
a = -{- 52°) respectively. 

Only in exceptional cases, on smoking during hypoxia, docs a noticeable slight 
increase in hj-perventilation occur. 

5. According to Langley and Dickinson (34) the most important property of 
nicotine is, after a short stage of stimulation, to inhibit the ganglions of the 
vegetative nervous system, both parasympathetic and sympathetic. On a basis 
of animal experiments and electrocardiographic studies (1, 2), one is justified 
m maintaining that injection of nicotine and smoking of tobacco produces a shift 
of the vegetative tone of the heart in a sympatheticotonic direction. To support 
this it may be mentioned that the EGG changes, developed on tobacco smoking, 
ha\c the same appearance as in conditions with increased sympathetic tone: 
tachycardia, high P-waves, low or negative T-waves and depressed S — T inter- 
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vals Nicofcme cau exert its effect on tbe tone of the vegetative nervoa. ,v,. . 
partly directly and partly indirectly via increased secretion of adrenalin 
paragraph 2 above. The ECG changes provoked by tobacco could be elimi"v‘; 

by an alkaloid of ergot such as diiiydroorgotamine (lliu: r,.! 
(See ECGs I^os. 3 a, 3 b, 6 a and 6 b). According to Bothlin and Cerletti ai) 
ergot alkaloids produce primarily active vagal tone released via the centrid r, 
ous system. In this way an extra-cardiac change of the tonic position of 
heart in a vagotonic direction develops. In addition, the alkaloids of ergot 
a peripheral, indirect sympathcticol 3 d;ic effect. Both these circiinisf.ance? n-iv 
explain why the sympatlicticotonic effect of nicotine on the liCG is aholidJl 
or reduced under the influence of dihj'droergotaminc. In case o, iiowcve:, tl,=- 
development of ECG changes after cigar smoking could not he prevented defK;; 
the fact that the volimtcer received O.C mg dih^-droorgotamiiie intraniu'^calirlr 
30 minutes prior to the hypoxia test. In a new experiment, pathological K('(! 
changes were produced in the same case by 4 — 5 minutes cigar .smoking. Tii’ t - 
after, 1 ml Hj^dergin (CCK 179) was injected intravcnoiislv without effect c. 
the ECG changes. This is of course, per se, no proof that these ECG changes tee:' 
of coronary origin. The dosage of the sympatheticolytic preparation employe ! 
maj' have been too low (3G) or the sympatlicticotonic effect of nicotine too potuit. 
In this case, an e.xperiment witli inhalation of amyl nitrite according to SjOstrar, ! 
(37) was also performed. Although the heart rate increased following amyl nitrite 
as mucli as in one of the smoking tests, the ECG changes observed there real ! 
not be reproduced. In this case, cigar smoking produced an elcctrocardiognipl,;: 
coronary insufficiency. The question therefore arises whctlier n clinical (nctii.i!) 
coronary' insufficiency was present in this case. The result of the amyl nitrite 
test favours this. The ECG clinngcs, however, are much more reminiscent of 
those which occur on arterial orthostatic anneinin in an individual in the up 
right position than of those in clinical coronary' insufficiency (Sjbstrand: por--e:;.i! 
communication). The most probable cause of (he ECG changes after .smokir..' 
in this case is excessive secretion of adrenalin. TJicre are reasons forn.'sumingtli. 
this very volunteer was particularly .sensitive to nicotine. 

Case G, also, deservc.s further mention. This case was a soldier, aged 20 yc.ir', 
with cardiac disease without .subjective cardiac symptoms and who h.id 



liydroorgotaniinc intravenously (ECG 13 a). It is now a weli-knoun fact 
alkaloids of ergot in some cases may be able to normalir.e ECG changes al--^ e, 
organic origin (3C). Following cigar smoking, the T-waves became negatne .a.-i - 
in leads II and III and markedly flattened in CR,. The effect of iHcwt"' -' ;' 
in this case more potent than the vagotonic or sympatheticolytic cftcct.” r. -p 
tively of dihydroergotamine. 

Recently, it has been revealed that a definite relation exi.stj; betwcfn the r- 
of the heart and the amplitude of the T-waves. Sjostrand (3() .cliowci 
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T-wnvcs decrease physiologically lincarh’ in height with increased rale of the 
licart. The S— T interval also is depressed physiologically with increased rate 
of the heart. A depression of the S — T interval of up to 3 inm inay occur in 
individuals with healthy hearts. Bjorkinan (38) arrived at a similar result in 
his comparative investigation of the relation between the heart rate and the 
amplitude of the T-waves. He showed, in addition, that with increased rate of 
the heart the P- waves increased physiologically in height simultaneously nith 
the flattening of the T-waves. 

The acute oxygen deficiency during the hypoxia test releases a sympathetico- 
tonic reaction (3G, 39), which gives rise to an increase in the heart rate and a 
flattening of the T-waves. On administration of tobacco smoke or nicotine the 
heart rate increases even more and the T-waves decrease further in height. The 
hypo.xia tests without smoking (control tests) show, however, that normally, in 
the majority of eases, a continuous flattening of the T-waves develops, least in 
lead I and greatest in lead CKj, during the course of the test. This occurs although 
the heart rate and oxj'gcn saturation onl)' show ver}' small variations from the 
Gth to the 19th minutes of the test. This »physiologicah> flattening of the T-waves 
which probably is a sequel of a number of unknown factors is, in some of the 
eases, considerable (see Fig. 1). As a collective name of these unknown factors 
I have introduced the term »timc-factoP). This »time-factor> influences the T-waves 
in the majority of eases so that they diminish and in some few cases so that they 
increase, also during the smoking test, and must be eliminated before the effect 
of smoking alone on the T-waves can be calculated. The »>time-factop> may nu- 
merically be defined as the difference in height between the T-waves as measured 
at 17—18 minutes’ hypoxia and at 6—7 minutes’ hypoxia. From Figure 1 the 
extent and direction of the ))time-factor» appears. The »time-facton> was cal- 
culated from the control tests after correction of the individual values of the 
T-waves with regard to the individual changes concerning the heart rate. Lines 
of regression were calculated for all groups and tests. In doing tliis, the frequency 
was introduced as explicit variable and the T-waves as dependent variables. With 
the help of the regression coefficients (Table 1) adjusting standards were intro- 
duced to eliminate the effect on the T-waves which was caused by changes in 
the heart rate. 

Table 1. 


Group I 



Smokers ' 

! Kon-smokers j 

Group n 

T. 

. ...: 0.025 

1 

0.ni5 ! 

0.030 

T. 

0.O5O 

i 0.025 j 

0.050 

T, 

. . . . ; 0.135 1 

0.090 ! 

0.150 


Tlie above table indicates the extent of depression (in mm) of the T-waves 
which was caused bj* an increase in the heart rate by one beat per minute, or 
that increase in height of the T-waves which occurred on reduction of the heart 
rate by one beat per minute. The difference between the heart rates at the 17 — 
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IS minutes tests and at the 6 — 7 minutes’ tests were calcalatcfi Tlif 5 <- 1 ' 
cnccs were later multiplied by the respective regression coefficietUs in 
above. The factors obtained were later added to or subtracted from 
of the T-war’cs in the 17 — 18 minutes’ tests. After the heights of the T-s-,-., 
according to the above principles were adjusted regarding the ftime-facton r : 
differences in heart rates, the differences in heights between the T-wav-- . ' 
17 — 18 minutes’ hypoxia (after smoking) and on G— 7 minutes’ hj-poria v 
smoking) were calculated. These differences, when present, probablv ropn - ;; 
the effect of smoking. The differences between the lieights of the T-n'avej r- 
and after smoking appear from Table 2, below. 

Table 2. 

DijjcTcnccft bclti'cen the heights of the T-ivavcs hcjorc and after smoldng fotherir.g c!;. '- 
mcnl regarding 'tiiimc-jactorit and heart rate. 


Group 

I 

II 

Smokers 

Xorv-smokevs 

T, 

O.OO.S 

Mean rahtrs 
— 0.10 

— 0.02 

T, 

0.02 

-0.21 

0.11 

1 T 

0.17 

0.7C 

0.02 


Standard drrialton 

T, 

0.1 

0.0 

O.a 

T, 

0.7 

0.7 

0..'. 

I T 

1.7 

l.C 

2.1 

; 

.Venn error [under n}dt hgpjlhefi*) 

T, 

O.os 

0.10 

0.05 

T, 

O.IC 

O.ts 

0.17 

T. 

0..7S 

0.(7 

0.00 


It appears from tlie table that the effect of smoking on the T-wa^e^ i' t- 

significant in any of the groups. r i f 

The same condition is demonstrated graphically in a comparison of the n • 
of regression of the T-waves before and after smoking. Tin: “time-f.ictor» 
been eliminated. 

Group I: Smokers. 

It is seen here that the lines of regression for Ti and T. coincide comph-'.; 
while those for Ti form a small angle. 

Group 1: Non-smokers. i 

Here also the lines of regression for T, and T, practically coincide. As r-r^. . 
T,. the lines form a somewhat larger angle than in .smokers. 

Group II. 

The lines of regression for % practically coincide; for T- they mrm a .. . 
nniiie while for T, they form a considerable angle. 
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The angle between the lines in the various groups is probably not an effect 
of smoking but is attributable to the smallness of the material accounted for. 
With heart rates in the region of 110—120 beats per minute, one isolated and 
extremely high value of the T-wave occurs just in lead CE 4 in Eig. 4 which causes 

Tin mta. 



I « 1 1 ' ( I I 

70 u ^0 too no too }3C 


Croup I: imokors 

Kg. 1. The figure demonstrates the extent of the stime-factow (in mm) in lead CRi in the various 
groups. Group I: smokers and non-smokers in the ago group 20 — 26 years. Group II: volunteers in 
the age group 38—51 years. The black columns indicate that the Dtime-faotoni influences the T- waves 
in a depressant direction and the white columns indicate an influence in a raising direction. 

a marked rise of the interrupted line. If this value be excluded, the lines will 
take a practically parallel course. 

It appears from Figure 1 that the »time-factor» is relatively small throughout 
in the smokers (group I) in 2 cases it is relatively large in non-smokers and in 
2 cases (both non-smokers) it is considerable in the older age group (group II). 
Particularly in case 5, who reacted with a »pathological» EGG after smoking, 
the »time-factor» is considerable. It seems as if in the younger age group the 
non-smokers react more markedly to the prolonged hypoxia than do the 
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smokers. An acceptable explanation of this may be that the smokers on 
account of daily inhalation of small quantities of carbon monoxide m to- 
bacco smoke have become accustomed to a certain, although slight, degree of 
hypoxia. In habitual smokers, as a rule, a content of 5 8 % carboxyhaemo- 

E 

S 



Fig. 4. Group 11: lines of regression before and after smoking. See text p. 117. 


globin in the blood is found. Smokers have thus constantly slight hypoxia. The 
two volunteers in group II who reacted during the control test with a particularly 
marked flattening of T4 (large »time-factor)>), were both non-smokers. One of 
the cases (case 6) was 38 years and the other 50 years. It seems natural to assume 
that a coronary component is included in the )>time-factor». This should make 
itself more marked in the older volunteers with naturally greater physiological 
changes in the coronary vessels due to age, than in the younger volunteers. 

A collected and expanded material, comprising also the nicotine tests, wiU be 
published later in a more comprehensive work. 



120 


bertil vox auk. 


Summary and Conclusions. 

The author investigated the effect on the ECG of tobacco smokin- and •• 
during hypoxia. ~ 

The volunteers consisted of males with clinically healthy hearts in tb- 
group 20— 2G years (group I) and 38—51 years (group II) rcspectivciv. i 
consisted of 20 smokers and 14 non-smokers, group II of 10 sinoker.s and 2 r • . 
smokers. 

After G minutes’ hypoxia, when o.xygen saturation, heart rate and rcspinin r; 
rate uere stabilized at constant levels, tobacco smoke was adiiiiiiistered vi; j 
special lateral mouthpiece for 8 minutes. The test, was concluded after 
minutes’ h 3 -poxia. 

1. The investigation shows that a linear correlation exists between the In 'cl; 
of the T-waves and the simultaneous!}' occurring increase in the heart rat'- r- 
smoking. 

2. The T-waves are thus not depressed in height on smoking more tlian wd’di 
correspond to a similar increase in heart rate under pliysiological conditiniH. 

3. Hypoxia as such does not accentuate the effect of tobacco upon the ECG 
except in isolated cases. In one case, a 38-yenr-old smoker, with a healthy le art, 
smoking produced iipathologicalo changes in the S — T intervals and T-w-avi- 
(electrocardiograpliic coronary insufficiency). 

4. Tiie effect of nicotine can entirely or partly be eliminated by incar.' e; 
dihydroergotamine (DHE 45). 

5. Tobacco smoking during liypoxin has thus, as a ride, no .signifie.'uit effv; 
on the ECG. 
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Heart Failure in Chronic Piilinoiiary Disease. 
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N. G. M. OKIE, F. S. P. van BUCEEM and B. P. A. A. HOMAN. 
(Submitted for publication August 12, 1953.) 


Introduction. 

Until recently, heart disease secondary to chronic lung disease was generally 
attributed to mechanical factors. The elimination of a fairly extensive part of the 
pulmonary vascular bed was considered to be of prime importance (Sylla, Ber- 
nard and Kreis, Spain). The raised pressure in the pulmonary circulation which 
resulted from the vascular pathology was believed to be the determining factor in 
the development of cor pulmonale (Rubin, Willius). 

Most authors suggested that emphysema and fibrosis of the lungs were the 
main etiological agents in the development of this condition. Me. Michael and 
co-workers and Cournand with the Columbia-University group challenged this 
mechanical point of view. They directed attention to the marked disturbances in 
gas exchange existing in emphysema among which the low arterial blood oxygen 
saturation is of outstanding importance. 

As to the mechanism of the development of the heart failure: the hypoxemia is sup- 
posed, firstly to increase the cardiac output thus satisfying the tissue need for oxygen, 
and further to burden the heart by the resulting secondary hypervolemia and poly- 
cythemia. A third factor is the direct unfavourable influence of the anoxia on the heart 
muscle. Moreover, breathing of gases with a low oxygen content has a direct immediate 
constricting influence on the pulmonary vessels directly (v. Euler c. s., Motley c. s.) 
or after some lapse of time (Heemstra, Doyle, Wilson and Warren confirmed this 
effect). This all means an increased burden for the R. heart, partially due to secondary 
pressure rise in the pulmonary artery. Heemstra demonstrated that hypoxia has (at 
least partly) a local influence on the pulmonary circulation. 

This functional view has the advantage of accommodating itself without any 
difficulties to observations, made by several authors, indicating that many cases 
of this form of heart failure belong to the category thigh output failure)) (Me. 
Michael, Richards), a fact which would be difficult to explain if the cause of 
pulmonary hypertension were only mechanical. 

9— 540063. Actamed.Scandinav. Vol.CXLVIIl. 
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Heart failure could of course develop njucL sooner if the resistance in t' 
circulation is increased for mechanical reasons. ' ' 

This functional concept has since then been generallp accented and h . 
accordance with our experience. ' ‘ ' 

In spite of an enormous advance in understanding of the conditio:), v,%; ’ 
think this concept does not completely account for clinical experience. To rh-'-V 
this a few of our own observations are presented following a few data on tl.-’ 
tion in normal individuals. 

Data on mean pulm. art, pressure in normal individuals. 

Table I. 

Xumber of Rest Ei'r::.' 

cases cm H.O ta li/j 


Hickam c. s 7 15.5 57 

Dexter c. s S 20 

Coumnnd 10 IS 


A mean pressure of 25 cm water must be considered to be the upper limit of th: r. :- 
mal. This value roughly corresponds to 25—30 mm Hg for the upper limit of sv.-td,: 
pulmonarj’ artery pressure. Slight exercise gives only a slight rise of pre.'suro (Hitht: 
1. c,), meaning that the vascular reserve can take the increased cardiac outjmt 
increase in the pulmonary artery pressure. This holds good so long as the cardiac oatpv. 
docs not increase to more than twice (Hickam) or thrice (Coutnand) the normal vih>. 

a) Mechanical Factors. 

Intracardiac mech.anical obstruction (pure pulmonary stenosis) shows con- 
clusively bow enormous changes in pressure maj' be the result of purely mcchan:'.d 
difficulties (van Buchem, Gotzche). In pulmonary diseases, however, mcchaw'-d 
factors (decrease in the area of the vascular bed) have a definite init o:.h‘ 
slight influence. Tabic II shows thi-s clcarl 3 ’ in cases of pneumonectomy wh<M 
50 % of the vascular bed has been removed. 


Table II. 

Pulm, Art. Pressure aflcr pneumonectomy (simplified from Ccclcn): 


i 

dgo 1 

! Mean pressure cm 11,0 

: Prac-opemtive 

1 

i 

PoU fijv-niivr 

i 

1 

Best 

Exercise j Oxygen j 

Kesf 

Kxrrci=" Orj.-a 

i 

23 

’"^ 3.2 

(121 

18.C 

(7) ’ (5) 

2S.e 21 

(12) , (5) 

23.T l«.i 

' 1 

(12) 

21 

(12) 

21.3 

(0) (''! 

;ti 2-'.i 


yO 

((■>) ' 

31.? 2'.' 

Eroncbicct.'i'K- • 

30 

(10) 

23.3 

(7) ' (Ti 

M.C 2!.i 


* Xo. of ca«cs in bmeket*. 

After the pneumonectomy slight e.xercise appears to 
rcssurc rise than before the operation (statistic.ally not significant), 0 . 1 . u- 
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tliis can be explained by accepting tbe fact that the vascular reserves are already 
used up. So further increase of the cardiac output has to be brought about by 
increase of the systolic pressure. 

The minor effect of loss of vascular bed is also apparent from the non-decisive 
pressure rise in most patients with an extensive fibrosis — due to a healed M. 
Besnier Boeck (Orie), Table III a and b. 


Table III a. 


Pulm. Art. Press. Mean, cm H„0. 


Kbrosis caused by M. Besnier-Boeok-Schaumann 



Rest 

Art. ox. sat. 

Resid. air/ 
tot. cap. X 100 

W. de Ha 

22 

94 


IH. Hu 

24 

97 

27 

V. Be 

36 

95.5 

— 

Pos 

23 

95 

— 

Po 

29 

92.5 

48 

Br 

31 

98.5 

42 

N. de Vr 

30 



— 

L. Fe 

42 

96.5 

40 

Jf. Br 

25 

97.5 

44.5 

de H. Bo 

14 

— 

— 


Table III b. 

Fibrosis caused by JI. Besnier Boeck Schaumann. 


Pulm. art. press, 
mean cm HjO. 

27.6 (10) 


Art. o.v. sat. 


86 ( 8 ) 


Kesid, air./ 
tot. cap. X 100 

33 (18) 


Probably the same conclusions arise from recent studies in silicosis (G-iraud, 
Bolt). 

In occasional types of (interstitial?) pulmonary fibrosis there is a marked in- 
fluence on the pulmonary circulation. These cases, however, in our opinion are 
rare and probably represent specific diseases. 


b) Emphysema. 


Though in agreement with the generally accepted idea that mechanical factors 

are not of major influence, we could not confirm the important role of emphy- 
sema.i 

In only 1 of our 10 patients was the pulm. art. pressure at rest moderately 
elevated, as is shown in the next table, and in this group no case of heart failure 
occurred. Table IV a and b. 


We ronsWpr rather complicated problem a short explanation is necessaiy. 

ShS c “’’^tractive distension in i^ich' no spontaneous 

S or kss stabilEed^ S^ symptoms must be 

these cLeflR^.wi ^ T 1 an mdefmite transition to clearcut asthmatic emphysema to which 
monstrable. ^ belongs. Of course no other definite etiological factor (silicosis) may be de- 

Wo bronchial injection may be present. 
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Table lY n. 

Uncoviplicated emphysema. No cor puhnoiiak. 


Age 


It, -1 Adren 

art. press, i Cm iRcsidtial' ca-^ 


rest 


cxcrc. 


HjO ; air/tolal pacit. q 3 5 = 

diff. ; cap. ; 1 ECC. ^ 

value — ri 


Art. CT, 


1 - 

Scli-Sch ‘ 

1 

58 

1 

22 

F. Ko. . . (J i 

50 

33 

Strootli. . ? 

01 

10 

Ben 0 1 

57 

21 

Slnoh. E. ? i 

51 

24 

Do Vri. . . <3 ! 

37 

20 

Stc i 

00 


II. Wij. . 6 

01 

27'/ 

J. Boll. . . 0 

6 G 

14 

F. Holl. . 0 

58 

27 

Jlcan 10 casc.s 

!i55'23 


37 

49 


0-15 53-04 8G9 

: .(28 %) 

G i 44 4.500 

(36 %) 

2 -'>. 5 '+ 0.5 1 44— 41 2.7 50 
i (28%) 


37 

33 

31 


4-10 


(24 %) 



— 

- ‘si_82-8!.:->-:-; 

+10 

-11 

5.og' 

i 

-fl7 

0 

I 97 

-1-12 

0 

,5.1 ; 92-91.5-9'‘-9' 

-fl5 

— 

1 j 91.5-97 


0 


I 

24 


•-24; 


4.11 ■ 53 2.445 

(37 %) 

55 . 2,075 

0-23'/*' uO.C— 54 1.120 0 — j 

' ,(32%) _ j 

+ 10 50 2.755 -1-25 —22, 


(20 %) 

44 1+17 ■ 53-55 


i 93 % 
j CJ-,'. % 

i 91',', % 


92 % 

I S-S.? % 


Table IV b. 
Itc.sid. Air,3ot. cap. 




. 03 

1 . o 

2 . ,S 

3. o 


. 53 

V. d. 5V 

. o7 

. 01 

4. o 

5. o 


. 45 
. 05 

C. 5 


. 51 

o 

S. <5 
9. 6 


. ,58 — 5.> 

AVy 

, . 5G.r» 

. 52 

10 . d 

11 . d 

12 . d 

13. 9 

14. d 


. . .50 


. . 00 

Sell. -Sell 

.. 01 
.. 41 


.. 41 

li). 9 
10 . 2 
17. 2 


.. 47 


.. 03 
.. 53 

18. o 

19. d 

19. i: 


. , 


55 * 


Art. 0, 

87' 

t-O',: 

81 

02 '.', 

97' . (49',.. 
81',: 

91 

1*2 

01 ';. 

78 
97' . 

95'/. 

81 
80 
97 
90 
91 ' : 

100 

93 

87 % (45) 


after mfertinn) 


In each ca<e the loavest (0,1 or hmbe't 
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As neither definite pulmonary hypertension nor severe hypoxia were present 
in this group there must be some clear explanation for this obvious difference from 
the current observations. We think the explanation may be found in the scant 
attention that has been paid to the major influenee of infection. For among cases 
of the same tj^e, with a bronchial infection the situation is different. 


o) BroneWal Infection. 

By far the most marked increase in pressure was demonstrated in the group 
of diffuse bronchial infection with or without fibrosis and bronchiectasis; all cases 
of pulmonary heart disease with heart failure belonged to this groups (table V). 
The infections were usually of the chronic type due to hemophilic bacteria (Mul- 
der 1937 — 1952), often with a super-imposed acute episode generally due to 
pneumococci. 

Table Y. 




O 

Pulm. art. 
press. Mean 
cm HjO 

a 

a 

Vit. cap. 


Art. ox. sat. 

. 

o 

■3 & 

3 

o 

O 

X 

b 

P-J 

Infec- 

tion 

Heart failure 


< 

Best. 1 

Exc. 

1 sec. val. 

Adren.03 
mg subc. 

Hist. 

0.02 

mg 

Initial 

After treatment 

Knev. . . . 

. 

55 

36.5 



1 1 

38%,-l- 8 70/’S 

76 

—80—82—84 

47 

6.4 

+ + 

+ 

Kasp. . . 

. <? 1 42 

31.5 



26?i ,-(-14 

— 

60 

—79.5—90 

50.5f5 

6.5 

-(-■(--(- 

-b 

[Cost 

■ (? 

47 

31 



21% [ 


70.5 

90.5 

— 

6.0 

-H-d- 

-(- 

Boel.B. . 

. ? 

50 

60 


7bl3b 

45«' 

170.5 

84.5 


4.0 

++ 

+ 




44 

. 

40/6 

bb% 0 

-17;;75 


66 % 

5.2 

++ 

-b 

Eng 

• <? 

54 



20/4 

SS,'^ i-f lOi — 

73.5 

96 

51 % 

5.7 

+++ 

-b 

V. Vee . 

. (7 

52 

30 

38 i 

30/10 

IQ'i '+13 

-20^82 

—92 

36 

4.2= 

++ 

■b 

Vr. Vee. 

. ? 

47 

52 

66 i 110/40^ 

-(- 6 

-30l.,65.5 

—82—77—84—91—92 

— 

5 

+-(- 

+ 


^ After the actual failure was over. 
“ anemia. 

“ in failure. 


However, the residual air was only moderately increased; the grade of fibrosis 
was certainly not more severe than e. g. the diffuse fibrosis found in Morbus Bes- 
nier-Boeck-Schaumann or extensive tuberculosis, and the loss in the vascular bed 
was apparently not much greater than in pneumonectomy. When the asthmatic 
factors are predominant in these patients, the pulmonary artery pressure deviates 
more from normal as might be expected. Probably the main result of a bronchial 
infection is a sharp decrease of the arterial oxygen saturation as is shown in the 
accompanying graph (graph 1). 


d) Hypoxia. 


Ferrer as well as Mc.Michael 1. c. point out the influence of an arterial oxygen 
saturation b elow 82 % (SO %). In our experience also this limit seems to be of great 


^ ^ importance of a correct diagnosis of bacterial bronchial in- 

feotion may be stressed. The most important work done by Mulder in this field has until now received 
msiUficient attention. (Mulder 1937—1952—1953) (Orie, 1952). received 
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increased amount of blood, polycythemia and increased cardiac output. It seems 
from our figures that without bronchial infection these low figures are not very 
often reached. Its role in producing E. heart failure has already been discussed. 


Discussion. 

If the bronchial infection is the trigger mechanism in starting heart failure, 
the often remarkably sudden onset of the latter is more easily understood. This 
also explains the fact that after the episode of failure (infection) is over, the situa- 
tion is often not much different from that in cases with similar pulmonary disease 
in which no heart failure develops. 

This fact originally stressed by Ferrer, is again pointed out by Mounsey. It ex- 
plains the rarity of E. heart failure in cases in which only mechanical factors or 
minor hypoxia exist. 


Table YI. 



Age 

aver- 

age 

Pulm. 
art. pr. 
mean 
cm H.O 

Art. ox. 
sat. 

Polycy- 

themia 

Adrena- 
lin effect 
on vit. 
cap. 

Eesid. air 

Bron- 

chial 

infection 

Eight 

heart 

failure 

NormaU 


20 

(29) 

94 % 

absent 

0 

30 % 

absent 

? 

0 



Pulmonary stenosis .... 

15 

60 

92 % 

absent 

? 


absent 

0 



(25) 

(33) 






Pneumonectomy 


20.5 

94 o/o 

absent 

30 % 

42 % 

0 

0 



Pure emphysema 

65 

(10) 

23 

(19) 

87 % 

5.1 X 10' 

SO % 

(19) 

55 % 

absent 

0 


Emphysema Infection 

50 

(7) 

40 

70 % 

6.8 X 10' 

80 %(+) 

49 % 

-t-f-t 

7 


Jfo. of cases in brackets. 


1 van Bucbem 1. o., Gotsche 1. c. 

The pathological literature did not until now seem to support this view; re- 
cently published observations however are found to be fully concordant (Harri- 
son). In 132 cases of right heart failure (on 3,500 post mortems) hypertrophy 
of the right heart existed, 114 of them died of right heart failure; 109 showed 
■chronic infections with or without emphysema. 


Other Factors. 

"iet there is no question that mechanical factors, emphysema and probably 
nsthmatic factors contribute to the picture. If they are not present, severe arterial 
h;^oxia or wide-spread bronchial infection seldom or never result in right heart 
failure. In pulmonary distention as well as in emphysema there is usually some 
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pressure in the pulmonary circulation which may he due tn ■ 

(table 1, table 1). In e.,ees of n.o,e severe “.S ' 

from distmbed intiapulmonary mixing is also a factor. The oxygen satiiratio! 
at rest is shown m the table. However this factor may be accented hy S I 
conditions, in view of the fall in arterial oxygen saturation with e.xi 


Probably another factor sometimes involved is the decrease in sensitlvitv of 
the respiratory centres to CO, in (longstanding severe?) emphysema This factor 
m turn decreases the respiration and initiates a vicious circle resultiiw in more 
severe hypoxia (Donald and Christie). Asthmatic factors have without anr 
doubt some influence. Leuegre and Zimmerman demonstrated that duriu'f 
an (artificially produced) asthmatic attack there was an increase of pressure in 
the lesser circulation (the reverse occurs after aminophyllin and epineplirin), 
Obviously the degree of irreversible damage involved in each case determines to 
a large extent the response to therapy and the reversibility of the condition. 

In congenital heart disease and in some other conditions even an estiemeh 
low art. oxygen saturation never or only ultimately results in right heart failure. 
One could visualize that in the ymunger heart the increase in the coronary circula- 
tion may be so great that the oxygen shortage in the blood can be overcome 
(Hilton and Eichholt). In older patients this increase in coronary flow apparently 
cannot be achieved. With vigorous young heart muscle and with long duration of 
the condition, the resistance of the right heart seems to be increased. The sudden 
onset of bronchial infections also means that a sudden load is put on the heait. 
This again may explain why heart failure more readily develops under these 
conditions. Besides it has to be kept in mind that also toxic substances from the 
bacterial infection may be important, but nothing specific is known in this respect. 

It goes without saying that damage to the myocardium may also precipitate failure. 
When cor pulmonale develops without severe arterial anoxia we should also con- 
sider an anoxia of the heart muscle, resulting from a pre-existing coronary sclerosis 
with damaged heart muscle, as possibly the cause. A co-existing anemia may have 
the same effect. Some cases do exist in which (interstitial) fibrosis does provoke 
a very marked rise in pulm, art. pressure (100 cm HoO). If in such a case head- 
failure develops (bronchial infection) it will often run a fatal course. 

Doyle, Wilson and Warren attributed the particular vulnernhility of indiwduah 
with cardiopulmonary abnormalities to hypoxia to two reasons; 

1. They are unable to respond to local pulmonary disorders with effective loca 
pulmonary arteriolar constriction. 

2. They are unable to maintain oxygen transport to the tissues by increasing 

cardiac output. i 1 1 j fimr 

They can neither maintain oxygen saturation by reducing the Wooa 

through airless or poorly aerated lung, nor compensate by increasing penp era 
blood flow. Several important details of this statement will have to be prov 
and probably additional facts will be needed for complete explanation, bu n 
clear from all this, that imminent cor pulmonale can usually be recognise J 
combination of anoxia and increased pulmonary pressure, and that infection p 
a major part in the development of the actual failure. 
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The Electrocardiogram in Chronic Pulmonary Disease. 

It is said that conclusive changes in the ECG and enlargement of the right heart 
n-hich are expected to develop before the onset of increased venous pressure, 
edema, urobilinuria, liver enlargement often fail to appear or are very difficult 
to discern (v. Buchem 1. c., v. Schoonhoven v. Beurden, Mounsey, Eitzmann, 
Selverstone). The subsequent electrocardiographic changes, based on the findings 
of Wilson, Goldberger, Meyers, White, and Kilpatrick, are: 

1) No change or a deviation of the QES-axis to the right, not exceeding the 
normal range of 110° according to Burch and Windsor. This may be due to 
the vertical position of the heart with a low diaphragm. 

2) Right ventricular hypertrophy, with the following phases: 

a. abnormal right axis deviation in the limb leads. 

b. clock^vise rotation. 

These two symptoms can also be present without right ventricular hypertrophy 
in various cases, for instance by change of position of the heart in cases of pul- 
monary disease. 

c. higher peaks of the right waves in the precordial leads over the right ven- 
tricle, often with depressed or inverted T. waves and prominent S. waves on the 
left ventricle and a marked P. pulmonale. It is superfluous to differentiate right 
ventricular strain from right ventricular hypertrophy, these concepts being for the 
greater part the same so that it is impossible to draw a borderline between them. 

3) Incomplete or complete bundle block. Meyers considers a conduction delay of 
0.0 3 tp 0.05 sec. in the intrinsic deflection as a feature of right ventricular hyper- 
trophy. 

4) Increase of the QRS-T angle as stated by Grant; a wide QRS-T angle can be 
due to an ischemic effect, or can be mechanical, due to changes in the systolic 
pressure of the ventricles. 

In most cases these causes are indistinguishable. 

5) A sign of heart failure apart from the above mentioned signs hypertrophy, 
axis deviation and bundle block may be an increase in the QT interval as a measure 
of a prolonged ventricular systole and a decrease of voltage. 

IVe arranged our. cases of chronic pulmonary disease into two groups, one in 
which right heart failure co-existed with, or preceded sputum infection (Table IV b 
case no. 1 — 7) and a second group in which emphysema was predominant (case 
no. 8 — 12). In case no. 8 with emphysema asthma was the main feature. In the 
first group we observed in sLx out of seven cases a marked deviation of the QES- 
axis to the right, in the second group this occurred in only one patient, the one 
with the pronounced asthma. The angle between the QES-axis and the T-axis 
was less than 45° in only one case of the first group (no 6) while in the second 
group it exceeded 45° only in the patient with asthma. The T-wave in the standard 
leads and the usual chest leads (V2, V4) was negative in four cases in the first 
group, and positive in all the other cases. In the chest leads a small Q was seen in 
only three cases, in V4, Y6 together with a S-wave. It can be stated that in all 
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cases apart aom case 10, rriere onir lead T2 -as made, a - 

rotation ttqs present, " 

If one considers tiie voltage of the QBS-~aves in T2, T4 as ore oft^- 
of right ventricular hvpertrophv, no sgniScanr dinerence 
—as fonnd. “ ^ ^ 

In five out of thirteen cases hovever the height of the QES coinr)IeT« 

20 mm. Eight chest leads —ere tahen in too fetr cases, therefore ve ca- ^1'.- 
opinion on this. Coumand and co-voxfcers pointed ont its hnnortar'- h'-'-- 
ventncnlar hvpertrophv in significant degree vas seen hr as in foar cases r-% 
iirst group. If cloektrise rotation is considered as a sign of vertncrlar 
tropuT. this condition, rras seen in all cases. In none of oar cases of urcer::’''"*'' 
emphysema —as there seen a marked deviation of the QE.S-avis. thortr s ’-r 
niaphragm mas present. The increase oi the QES-i angle —as marked it s=tc 
cases of the groap vith heart failare, and —as normal in all the umnzhx'.d 
emphysema cases. 


Only in one case no. S vras there seen a QES-— ave as long as O.e ?$?■;„ ir ad dr 
other cases it did not exceed O.os sec. In none of the cases did the Q-T iriend 
exceed 0.4 sec. Command and co-norkers also found it not to he lengthened. Snn.' 
maxising, it can be said that before the onset of heart fa3nre in onr cases ckd- 


vrise lotation is present, this being the only electrocardiographic pattern- ICgc 
failnre is present a marked axis deviation and an increase in the QES-T azze are 
seen, the other signs of hypertrophy being less constant. This is protalij le- 
cause the main factor cansina failtire need not be a long existing overo'Erdexlv; 
mav be a more or less suddenly arising increase of the load of the right hear, 
independently of the previous sitnation- 


Therapy, 


These considerations make it clear tfiat intensive lieatment oi iniecncn c. 
airvavs (the remilation of the arrenal oxygen satoration being one of the rerp 
of this treatment) is of outstanding importance in cor pulmonale therapy. Oire: 
authors have already argued on similar lines. Direcv oxygen therapy is an- 
imvoTtant measure. Care has to be taken that oxygen therapy <!<?■:= ro. j- * 
in deuression of the ventilation as has been described anu as — e ha*e 
reneatedlv. In such cases additional measures hare to he taken such as ''—'y 
lion of the respiratorv centre or artificial respiration. 'Therefore in csj^ c. 
tvp e morphine is urobablv pariiculariy hazardous oneu prcrcipitatini. .. .Su.. ^ 

come. Cardiac stimulant drtins end diuretics 'rdil ofien be nece^arr -.o — - 

the vicious circle, but someriies rest in bed and anti-infective therapy axne an 


Phlebotoinv i= also advocated and probably Onen useful if y 
in total blood volume. Ho— ever, in an anemia uith normal b;cH>n^ 
sometimes occurs, ceE transfusions are sometimes indicated and help: 


rc.'i 
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Summary. 

The influence of several factors in the development of right heart failure is dis- 
cussed, with reference to cases of pneumonectomy (20 cases), M. Besuier Boeck 
(10 cases), pure pulmonary stenosis (13 cases), uncomplicated emphysema (20 
cases) and emphysema of the lung complicated by infection (6 cases). 

AVe are able so confirm that the influence of mechanical factors is only small 
(Cournand, Me. Michael) and we have shown that this holds good also for the asth- 
matic factor and for emphysema. Anoxia resulting from uncomplicated, not in- 
fected lung diseases burdens the right heart, but only seldom to such a degree 
as to cause failure. 

Failure is usuall}' precipitated by a very marked fall in the arterial oxygen 
saturation (to far below 80 %) resulting from an infection of the deeper airways. 
Of course the first mentioned factors contribute to this condition and injury caused 
by the toxic influence of infection possibly also plays a role. 

MTiere a damaged myocardium pre-existed, the situation is different, and prob- 
ably the condition of the myocardium is partly determinative in the develop- 
ment of cor pulmonale. 

The relations between these and other influences are discussed and suggestions 
are made regarding therapy. The electrocardiographic patterns are briefly men- 
tioned. 
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Intilin Clearance Studies. 

Uoncerning tlie Causes of the Beduced Clearance Figures in Successive 
Periods after One Injection of Inulin, 

By 

HELGE LAAKE.* 

(Submitted for publication August 18, 1953.) 


It is still doubtful whether inulin clearance (Clj) is an exact expression of 
glomerular filtration. Various methods have been employed in an attempt to 
throw light on this problem. The methods most in use are simultaneous clearance 
tests with different substances and phlorizin tests. Ferguson and bis associates 
(1950) have investigated Clj in human beings after one injection of this sub- 
stance, and on the basis of their findings have come to the conclusion that some 
inulin is re-absorbed in the tubules, and that Clj is approximately 15 % lower 
than the glomerular filtration. At the Medical Department B. of the Kikshospital 
some years ago we have made observations similar to those of Ferguson and his 
associates, but we believe that other factors than a possible inulin re-absorption 
in the tubules must also he included in the discussion of the reasons why CIj- 
shows falling figures from one period to another in clearance tests. 

The determination of Cli after one injection of inuhn marks a considerable 
simplification of the test in comparison with a permanent intravenous infusion, 
and a single injection of inulin for clearance tests has frequently been given in 
hospital. This method is discussed iu Scandinavian publications by several writers 
(Josephson & Lindabl 1943, Hogeman 1943 and several others). 

Procedure. In the fasting state and while the patient is confined to bed, inulin 
»Astra» is given as a single intravenous injection in a dose of 100 mg/kg body 
weight, the clearance tests being started one hour after the injection, and the 
patient having drunk one litre of water before tbe test was started. In the test 
series to be recorded here, Clj was determined in several successive periods of 
about 20 minutes’ duration. Samples of blood were taken at the beginning and 
end of a period, and the mean inulin concentration in the periods was determined 

’ Nils Juelsgt. 6, Oslo. 
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by recording tte plasma inulin concentrations in a semi-logarithmic system and 
interpolatmg to 2 1/2 minutes before the mid-point of a period. The bladder was 
evacuated by a catheter and irrigated with saline solution. The inuliu analyses 
were carried out according to a method described earlier by the author (Laake 
194:5). The Clj figures were corrected to a 1.73 m- body surface. 

Oton observations. Our normal material consisted of 9 patients (6 women and 
3 men) on whom 12 clearance tests were carried out {Table I). In order to elimi- 

Table 1. 

Inulin clearance after a single intravenous injection of it. 

Normal material. 
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' Pat. 
j nr. 

Period 

Pi 

mg/100 ml 

UVr 

mg/min. 

Cli 

ml/min. 

1 

11 

14.3 

1,605.9 

112.3 


2 

10.1 

1,117.1 

IIO.G 

G 

(3 

7,9 

812.9 

102.9 


U 

0.5 

490.O 

89.2 



4.3 

314.3 

73.1 


n 

12.5 

1,492.5 

119.4 


2 

9.7 

1,198.— 

123.5 

7 

(3 

7.9 

929.8 

117.7 

I ' 

]4 

6.4 

655.4 

102.4 

1 

15 

5.1 

469.7 

92.1 


|1 

20.— 

2,900.— 

145.— 


2 

15.3 

1,941.G 

126.9 

I 8 

(3 

11.8 

1,541.1 

130.G 


]4 

8.9 

1,017.3 

114.3 

i 

1 


7.2 

718.0 

99.8 

: 

(1 

15.— 

2,263.5 

150.9 


2 

10.8 

1,550.9 

143.6 

9 

3 

8.— 

1,114.4 

139.3 

1 

]4 

5.8 

746.5 

128.7 


(5 

4.3 

513.— 

119.3 


nate tlie influence of age on the clearance figures, the patients selected for this 
study were under the age of 30, Table I shows that the Clj figures have a falling 
tendency from the first to the fifth period, and that in the first and second periods 
they are almost identical with the figures given by other observers. By variance 
analysis (Bartlett’s test for variances), a significant difference is to be found 
between the means of the periods (Table II). In order to ascertain how this reduc- 
tion of the clearance figures behaves, it is necessary to compare the means for 
each period both by a one-way and a two-way classification. By the two-way 
classification the variations between both the periods and the patients are tested, 
and it is shown that there is no significant difference in this material heliveen the 
Cli figures in the first and second periods, whereas from the third period this differ- 
ence is significant. Further evidence in support of this observation is to be found 
by a study of the signs of the differences, and it thus becomes plain that the fall 
in the clearance figures from the first to the third period is real. 

The reduction of the Clj figures through the series of tests can also be analysed 


Table II. 


Variance analysis of inidin clearance figures. Normal material. 



Periods 


1 

2 

3 

4 

5 

Clr ml/min. 






!Mcan. xj 

128.7 

125.1 

119.8 

103.8 

93.9 

Variance. Bj= 

240.9 

158.1 

188.3 

197.4 

151.5 

Standard deviation, sj. . . . 

15.5 

12.G 

13.7 

14.— 

12.3 
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1,, regression studies. The regression ot the Cl, figures m lelatm to tk p,„* 
m is a linear function (Kg. I), and the regression coefflejent 9.08 is sigaifat. 

When, as in the present material, a reduction ot the (a,tiBiir.s,sd 
and .h;n there is a tall of ^e 

STct tijmes m's determined by a tubular re-absorption of iunlin, ir. shedi 



p,g. ,. M», 10, a, io tt. period. l-d>- 

■p Table I shows that 

rse"-H-r£?S?^ 

for all observations with o/ 

regression line is (Fig. 2). p 239.5. 

UVj = 140 ri .QQ 

ptadtheregressionlhietorthe^^ob— ^ 

XU ,iU thus be seen 

Jg:: rtrdep.kr.oui ongo . not significant. 
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Fig. 2. The regression of UVi witli reference to Pi. Normal material. 

A series of clearance tests 'witli patients suffering from chronic nephritis, pyelo- 
nephritis and Boeck’s nephritis also shows that Clj falls from the first to the 
ifth period (tables III & IV), but the difference between the means of the periods 
is hardly significant. In the present series of tests the number of observations 
is small and the variations are wide. On the classification analysis already refer- 
red to it was found that the difference between the means of the 'periods was less 
marked in the subjects of renal disease than in a normal material. In the normal 
material the difference was significant at the 1 % level, whereas this was not 
the case among the subjects of renal disease before the 5 % level was reached. 

The regression of the Clj figures through the periods occurs according to the 
equation (Fig. 3): 

Cli =68 — 2.7 t 

10 — 5i0063. Actamcd.Scandinav. Vol. CXLVIII. 
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Table III. 


Imdin clearance after a single intravenovs injection of 
it. Gases of renal disease. 



The slop, of the ..pessioo lio. ditte 

regression coefficient is also srgmftcant m the ^ f/,,j,tion to P, >3 

frL renal disease. In this latter group ^ 

a linear function, and the line goes through ongo ( g- 
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Variance analysis of iniilin clearance jigurcs. Cases of renal disease. 


Cli nil/’niin. 

Mc.in, .\j 

Variance, k]- 

Standard deviation, sj . . . 


Periods 


1 

2 

3 

i 4 

5 

54.0 

52.7 

i 

1 ol.."; 

1 

i 4G.1 

44.-I 

212.— 

2IJ.C ! 

i 235.G 

1 128.1 

199. 

14.G 

14.7 

15.3 

i 11.3 

1 11— 


Discussion. 

Schaclitcr and Iiis associates (1950) have studied the distribution curve of 
inuliu. After a single intravenous injection there is a rapid fall of Pj in human 
beings, and the innlin content of interstitial fluids rises. But after about 10 min- 
utes the concentration of inulin in tissue fluids begins also to fall because the 
iiiulin diffuses back into the blood. About 55 minutes after the injection, the 
concentration of inuliu in the plasma and tissue fluids is identical for a short 



Per/oef (fj 

I'ig. 3. jMeans for Cli in the periods 1^-5. Cases of renal disease, 

time, but later on the inulin content of the tissue fluids is higher than that of 
the plasma. An equal distribution of inulin in the organism is not effected after 
a single injection Robson and his associates,- 1950). Inulin spreads relatively 
slon-ly m the organism because of its low diffusion coefficient. This is particularly 
vascular supply of the tissues is scanty. Guadino & Levitt 
(1949) have shown by animal experiments that when a permanent intravenous 
infusion of inulin is given, it takes more than two hours before equilibrium is 
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(Brun and his associates (1949)). Both calculations of time for Pj are employed 
by Perguson and his associates, and it was noted that the course of the regression 
line was independent of the method of calculation employed. 

With a falling Pj there is a possibility that the analysis error may make itself 
more felt in the last clearance period, the clearance figures being influenced 
thereby. The method of inulin determination we have employed is accurate even 
when the plasma concentration is low, and the regularity with which the reduc- 
tion of Clj occurs throughout the periods indicates that errors of analysis are 
not to blame. We must also take into account the stability of inulin and the 
possible presence of decomposition products (fructose). In order to check up on 
the stability of the preparation of inulin employed, we have used the procedure 
described by Josephson & Lindahl (1943), and like them we have found that 
inulin »Astra» satisfied the criteria necessary for a good inulin preparation. 

In Smith’s laboratories a sudden reduction of the diuresis has been shown to 
be accompanied by a transitory and apparently false reduction of the clearance 
figures, while conversely a sudden increase of diuresis has entailed a rise of the 
clearance figures. Smith is not able to give any satisfactory explanation of these 
observations. It has been assumed that variations in the delay time might be 
responsible, but MeSwiney and his associates (1950) have shown that the delay 
time is independent of the diuresis. In the present material no sudden reduction 
of the diuresis has occurred from one period to anotherj so in our opinion we can 
exclude this causal factor as being responsible for a reduction of the clearance 
figures. It is probable that errors of analysis and errors in determining the volume 
of urine arc also of minor importance in this connexion. 

In the discussion of the causes of the reduction of the clearance figures in 
successive periods, much importance has been attached to changes in the 
glomerular haemodynamics. A reduction of the circulation of blood through the 
kidneys may entail a reduction of glomerular filtration, but a reduced circula- 
tion of blood through the kidneys does not necessarily reduce the quantity of the 
filtrate, Ekehorn (1944). Perfusion tests of anaesthetized dogs, — Shipley & Study 
(1951) have shown that even if the perfusion pressure varied between 80 and 180 mm 
Hg, the circulation of blood through the kidneys, the glomerular filtration, and 
the extraction of inulin expressed as a percentage remained relatively constant. 
We are not entitled to draw conclusions by analogy from experiments on animals, 
them to medical problems in man, but these tests luave shown that 
glomerular filtration remains relatively constant under varying conditions. Pro- 
longed clearance tests on human beings may constitute a stress which influences 
renal hacmod}mamics. In arranging our tests we have tried ns best we could to 
eliminate emotional factors. Investigations (not yet published) of the circulation 
of blood through the kidneys at our ho.spital show that it is relatively constant 
with the method of testing w'e have employed. Our findings, compared with those 
of other observers, seem to indicate that the variations in the Cl^ figures 

can hardly depend on a reduction of the circulation of blood througli the 
kidneys. 

Anatomical investigations of the blood supply of mammals indicate the im- 
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probabity of glomerular function being intermittent, and quantitative titra*:. 
tests mth glucose and diodrast - Smith (1943) shoAv that in human h i ! 
msig^mant number of glomeruli (< 5 %) sho^ an intermittent redacfrld 
faction. The vanations m the Cli figures can hardly have any connexion vi4 
this intermittent function in a few nephrones as this function is never ' 
60 % of the mean function. Kruhoffer (1946) has shown by experiments tbi 
inulin is not deposited in the reticulo-endothelial system, andt hat it is al=o r.^ 
excreted by the liver. Landowne & Alxung (1947) have shown that inulin is m 
deposited in the human kidney. We may also ignore the possibility of c-xtram.!! 
excretion and/or deposition of inulin as a cause of the reduction of the Clj. 

In 1937 McCance & Widdowson showed that a shortage of salt in human heisr! 
entails a moderate reduction of renal function as measured by inulin, kieatirii; 
and urea clearance. AVhen the shortage of salt was again repaired, the clearance 
figures returned to normal. These authors discuss various possible causes of tb 
reduction of the clearance figures, but they cannot give any convincing explana- 
tion of these observations. During a shortage of salt there is marked leductk 
of the extracellular fluid, and it is probably this which accounts for the reduction 
of the clearance figures. There is a reduction of the glomerular filtration in botl 
man and beast during dehydration, and conversely there is an increase of glo- 
merular filtration on expansion of the extracellular volume of fluid, — Smitl 
(1951). The regulation of the volume and composition of extracellular fluid h 
sensitive. On water-tolerance tests there is a quick response, but conditions aie 
restored to normal after about two hours. Black (1953) assumes the cxisteute 
in the kidneys of a trigger mechanism with regard to the composition and dhtn- 
bution of extracellular fluid. Trueta and his associates (1947) have drawn atten- 
tion to the importance for renal function of a constant fluid-balance in the or- 
ganism, and they discuss changes in the intrarenal circulation resulting from 3 
change of fluid balance. Moyer and his associates (1950) have confirmed Trueta s 
findings, whereas other investigators claim to have disproved them, lie do not 
understand the mechanism governing the fluctuations of renal function in relatioj 
to the extracellular space, but it is conceivable that several factors such as hor 
monal and/or nervous factors are involved. It is possible that the juxta-glomeru j. 
apparatus occupies a central position in this system of regulation. In or cr o 
achieve constant experimental conditions during the clearance perio , i 
essentially important to keep the extracellular volume constant. It is not 
that the variations in diuresis following xmriations in the extracellular space ar 
responsible for the variations in the clearance figures. 

The filtration pressure in the glomeruli is influenced by the mtrarcnal 
stitial) pressure, as the capsule pressure is identical with the 
which is relatively independent of the variations in the circulation of oo 


the kidneys. But in connexion with water diuresis, the pressure can ri^ 
10 mm to 20—30 mm Hg. Smith (1943) found that the rise of 
pressure occurred from 90 to 150 minutes after the administration o _ 
increased intrarenal pressure reduces the effective filtration pressure w i 


its turn influences the quantity of the filtrate. It is thus that the xan< 
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the intrarenal pressure can contribute to a reduction of the clearance figures, 
and the time at which this reduction occurs corresponds to the increase of the 
intrarenal pressure. 

After a single mtravenous injection of inuHn, Landowne & Alving found a 
correlation of the inulin in urine innlin in plasma to be linear, the correlation 
line passing through origo when the plasma concentrations were between 0.5 
and 3 mg/100 ml, pro\dded that the extracellular volume of fluid was kept as 
constant as possible. These findings should indicate that there is no tubular re- 
absorption of inulin. By means of their regression analyses, Ferguson and his 
associates have shown that some of the inulin must be re-absorbed by the tubules, 
and that the re-absorption was related to Pj. The regression studies presented 
in the present paper seem to indicate that any re-absorption of inulin by the 
tubuli which may occur is of no importance to the reduction of the Cli figures 
in successive periods. This is so with regard both to human beings with normal 
kidney fimction and patients suffering from chronic disease of the kidneys. The 
comparatively slight reduction of the Clj figures in the latter group may pre- 
sumably be traced to the anatomical changes in the kidneys with a resulting 
reduction of the functional regulation mechanism. 


Siiiinnary and Conclusions. 

After a single intravenous injection of inulin, the inulin clearance figures (Clj) 
fall from the first to the fifth period (Tables I & II). The difference between the 
Oil figures in the first and second period is not significant, but it is so from the 
third period. The fall in the clearance figures from the first to the third period 
is real. No evidence is found to show that, at some definite plasma concentration, 
there is a fall in the Clj figures. In coses of chronic renal disease (Tables III & 
IV) the difference between the means for the various periods is less marked than 
in the normal material. 

The reduction of the Cli figures has been attributed to re-absorption of inulin 
by the tubules, but on the basis of our studies we believe we have proved that 
tubular re-absorption is not verj^ likely as a causal factor. There are two factors 
which independently or in co-operation with each other can reduce the clearance 
figures. They are an increase of the intrarenal pressure and changes in the volume 
and composition of interstitial fluid. Presumably there exists in the kidneys a 
trigger mechanism in relation to the composition and distribution of extracellular 
fluid, and this mechanism is one of the main causes of the reduction of the Clj 
figures. VTien, in advance of the clearance periods, the patient is given fluids, 
they effect changes in the volume and tonicity of the extracellular fluid and in 
the intrarenal pressure. The time at which these changes take place corresponds 
to the time at which Clj is reduced. In order to eliminate these factors as much 
as possible, the volume of the interstitial fluid must be kept as constant as pos- 
sible throughout the clearance periods. 
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Heart Disease .and Pregn.ancy. 

A Follow-up Study of a Hospital 3Iaterial. 

By 

HELGE LAAKE. 

(Submitted for publication August 18, 1963.) 


We are not infrequently confronted, by the question: Can or should women suffer- 
ing from organic heart disease be allowed to become and continue pregnant. 
Here we are dealing not only with the immediate risk of pregnancy and confine- 
ment, but also with possible permanent ill effects of pregnancy on heart patients. 
The latter question concerned with the late prognosis, can to a certain extent be 
illuminated by a hospital material. 

About 1880, women suffering from organic heart disease were warned against 
pregnancy, and a few doctors also advised such women not to marry. During the 
last 70 — 75 years there has been a complete revolution with regard to the calcu- 
lation of the risk involved. This change must primarily be traced to. a considerable 
reduction of the maternal mortality (from 55 % to 3.4 %) which is due not least 
to the fact that we now can select with greater certainty the heart patients who wdll 
probably be able to pass through pregnancy and confinement without too great a 
risk. In making this selection we continue still to be confronted by certain factors 
whose importance cannot be estimated with accuracy. In such cases it is abso- 
lutely necessary to individualize when the risks are to be calculated. 

From the clinical point of view, the most important change in the circulation 
during pregnancy is the increase of the heart’s minute volume. Earlier investiga- 
tions have shown an average increase of 50 %, with a maximum reached in the 
ninth month followed by a fall before birth. With improved technique, AVerko and 
others (1948) have found that the minute volume increases by 1 litre between the 
fourth and ninth month of pregnancy. This increase depends partly on an increase 
of the stroke volume, and partly on a rise of the pulse rate. The plasma volume 
and the heart’s minute volume run parallel, but there is no con^dncing proof that 
the increase of the former is directly responsible for the increase of the latter 
(Jones (1951)). During pregnancy the tissue fluid increase runs parallel with the 
plasma volume — in a way corresponding to events in a whole series of clinical and 
experiment al conditions. A considerable sodium-ion retention occurs, on the average 
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0.5 g per day (Chesley (1944)). This change is attributed to the increase,! r, u 
tion of steroid hormones. The water retention is to some extent secondair'fl 4 
sodi^ retention, and to some extent to the increased oestrogen hormo’n' :> 
m the organism. 

Several factors have been drawn into the discussion on the causes of thciacro 
of the minute volume. LUjestrand (1945) and several others have drawn att^mi'- 
to the acidosis which is regularly to be found during pregnancy. The incte-c/d 
weight during pregnancy is an important factor, but the change in thehaemodvME^ 
ic conditions of several organs also plays a part, in the case of the liver (lYcilci 
1951), the kidneys (Bucht, 1951) and the skin (Burt, 1949) whose vascular circch’ 
tion is increased. The circulation time diminishes right up to the last montli o? 
pregnancy. The pressuie in the veins rises as does also that in the capillaries. 

The organism’s oxygen requirements increase uniformly during pregnancy ail 
are up to 25 % above normal. This is partially compensated for by an incrc.ud 
arterio-venous oxygen difference in the mother. Gas analyses (Brown eta!. (191ij) 
have shown that there is no arterio-venous shunt in the placenta, and tests v'A 
injections in situ (Earn & Nicholson (1952)) have confirmed this finding. We 
may therefore dismiss the assumption, put forward earlier, that an arterio-venoc- 
shunt in the placenta is responsible for the increase of the minute volume. 

The blood pressure, the diastolic in particular, shows a falling tendency duriis 
pregnancy, but in the last month of pregnancy it again rises to normal and not 
infrequently still higher. There is also a fall of the blood pressure in the pulmonary 
circulation. 

During pregnancy the capacity to respond to additional calls on the heart b^ 
comes 30 — 50 % of the normal. The normal heart possesses reserves to compensate 
for such calls. But we must bear in mind that during pregnancy women will 
healthy hearts not infrequently develop an effort syndrome with a labile, hyper- 
active heart action, sighing respirations, and precordial pain with apical loc.alin- 
tion. In the latter part of pregnancy more than half the women present a basal aci 
apical systolic murmur and a triple cardiac rhythm. 

American observers (Van der Veer & Kuo (1950)) have found organic ^cart 
disease in P/, % to 2 % of all pregnant women. Someyvhat lower figures (0.< ,3 
have been forlnd in Sweden (Westman (1945)). If these figures are applied ia 
Norway where official statistics show that between 60,000 and lOfiOO 
(64,103 in 1949) are bom yearly, a not inconsiderable number of women sufferCr 
from organic heart disease must undergo pregnancy and confinement ycary 
A comparatively great number of these women are unaware of their heart n 
If it is diagnosed before or at the beginning of pregnancy, the doctor in c 
the patient herself must take the difficult decision whether pregnancy is a ^ 
or not — a decision in which ethical and social factors must count. 


Own JIaterial. ^ 

The material on which our analyses are based comes from the Medical 
B. of the Eikshospital and consists of the patients treated during the lO-year p 
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1942 — 1951. In the overwhelming majority of cases, the organic diseases of the 
heart in women of the child-bearing age are rheumatic or congenital. Our follow- 
up investigation was therefore concentrated on these types of heart disease. Prom 
the aetiological point of view, the hypertensive heart diseases constitute 1 % — 2 % 
of the women in this age group. According to Goldring & Chasis (page 178) preg- 
nancy is contra-indicated if the subjects of hypertonia show signs of impaired car- 
diac, cerebral or renal functions. 

Some of our patients were re-examined in hospital in the spring and summer of 
1952, and others have provided data concerning their health by answering 
questionaries. Our material consists of 116 women who suffered from organic heart 
disease and who underwent pregnancy once or several times. Serving as controls 
were 56 nulliparae who suffered from organic heart disease and who were treated 
in our hospital in the above-mentioned decade. Table I shows the distribution of 
the various types of heart disease — a distribution almost identical with that of 
other observers. It is the patient suffering from mitral stenosis who presents the 
main problem when the relationship of organic heart disease to pregnancy is dis- 
cussed. Anamnetic data concerning previous attacks of rheumatic fever were ob- 
tained in about half our cases (58 out of 109), and a third (37 out of 109) were aware 
of their rheumatic heart disease before they became pregnant. 

Tabic I. 

N^m^ber of cases of organic heart disease. 

[Mitral stenosis-insufficiency 901 

Aorta insufficiency -stenosis 7 > 94 % 

[Combined aortic and mitral disease 12 1 

Sum 109* 

{ Ductus Botalli 2 

Pulmonary artery stenosis 2 

Auricular septum defect 2 

Tiic Eisenmenger syndrome ] 

Sum 7 



Reumatic lesions 


Congenital lesions 


We know from the literature that women suffering from organic heart disease 
can undergo numerous pregnancies. Postmortem records have shown that women 
suffering from third degree mitral stenosis have undergone 11 pregnancies without 
showing signs of heart disease and dying in old age of intercurrent disease (Graham 
et al. (1951)). Correll & Rosenbaum (1950) have presented their clinical material 
with confinements numbering from 4 to 18. Table II of our own material shows that 
approximately two-thirds of our patients had undergone one or two pregnancies, 
but there arc also a few women who had given birth to many infants. In order to 
demonstrate the frequency with which these sufferers from organic heart disease 
were confined, we have presented in table III their offspring, expressed as a per- 
centage, in comparison with the corresponding figures for Norway as a whole 
according to the census of December 3, 1946. As was to be expected, the number 
of heart patients giving birth to one or two infants was higher than that for the 
country as a whole. It is therefore surprising to find that the mean for the number 
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TaWo II. 

2^wnher of pregnancies per patient with organic heart disease. 


Number of 
patients 

Number of 
pregnancies. 

37 

1 

38 

2 

18 

3 

7 

4 

6 

o 

4 

6 

3 

7 

Ci 

10 

1 

11 


of infants liorn to women suffering from heart disease is somewhat higher than for 
the country as a whole. Evidently this cannot he so in reality, and it is prohalh 
that we are misled by the composition of our material. The number of infants 
born to women suffering from congenital heart disease was somewhat lower than 
the corresponding number for cases of rheumatic heart disease (2.1 and 2.7 re- 
spectively). These women had undergone 301 pregnancies without complaining of 
subjective symptoms of heart disease, and seven of them had given birth to twins, 
In 11 cases (3.5 % of the pregnancies) abortion had had to be induced early in the 
pregnancy because of progressive heart complaints. This shows that (he mmler 
of women who suffer from organic heart disease and whose hearts give (hem tredk 
during their pregnancies is comparatively small. In 22 cases subjective symptom* 
of heart failure made their appearance directly after confinement. Half of them 
were primiparae, and four of them gave birth to twins. According to Bunim at:'! 
Rubricius (1918) the frequency with which heart patients present signs of decom- 
pensation after their first confinement reflects the strain of labour which is greatcft 
in primiparae. The overwhelming majority of the patients whose pregnancy ard 
confinement are associated with decompensation of the heart develop it during the 
puerperium. 

There is a widespread conviction that many pregnancies are risky and should 1? 
avoided by the subjects of heart disease, but the inve.stigations undertaken (o 
solve this problem have yielded findings which are to some extent contradictor}. 
In recent years observations (Bunim & Appel, 1950) have shown that there h iro 
greater frequency of signs of heart failure among multiparae than among pnm^ 
parae. To throw light on this problem, we have correlated the number of con in ^ 
ments among the subjects of rheumatic disease, and the number of years lol owin- 
the latest confinement before the patient develops signs of heart failure ( ig- - 
This scatter-diagram shows a striking accumulation of cases of dccompcnsa i - 
after the first and second confinements, but the diagram does not indicate an) 
relation. The correlation coefficient is 0.18 and is therefore not significant. 
thus be seen that our material has not demonstrated any connexion between h- 
qucncy of heart failure and the number of births. 
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Tabic III. 

Percentage distribution according to the number of children. 


Number of 
children 

Percentage 
The n-hole 
of Norway 

Own 

material 

1 

24.1 

31.9 

2 

22.5 

32.8 

3 

13.4 

15.5 

4 

8.2 

6.0 

6 

6.2 

6.2 ! 

6 

3.5 

3.4 ! 

7 

2.5 

2.0 1 

10 

0.8 

1.7 1 

11 

0.5 

0.9 

llean 

2.52 

2.60 


In addition to the influence of the number of births, the degree and localization 
of rheumatic valvular disease of the heart have been studied as being of prognostic 
significance. It has also been suggested that lesions arising after chorea minor have 
a better prognosis than lesions following rheumatic fever. Our observations show 
that patients with pure aortic lesions or combined aortic-mitral lesions do not show 
a higher rate of decompensation than patients suffering from pure mitral disease. 
Several mriters have come to the same conclusion (Bunim & Kubricius (1948), 
Correll & Rosenbaum (1950), and Bunim & Appel (1950)). According to Bjerlov, 
(1942), the functional condition of the myocardium is more important than the 
type and degree of the valvular disease of the heart. 


Table IV. 

Age at onset of heart failure in relation to the number of attachs of rheumatic fever. 


j Ono attack of rheutnatio fever . . . . , 
I Several attacks of rheumatic fever 


Mean ago at onset of 
heart failure. 


Nulliparae | Parae 


33.G 

40.7 


(14.1) 

(17.0) 


39.1 

40.4 


( 11 . 1 ) 
(J2.G) I 


According to Bunim and Appel (1950), the interval between the first attack of 
rheumatism and pregnancy is of prognostic significance, and it has been generally 
assumed that the subjects of rheumatic lesions should be confined at as early an 
age as possible. Big. II shows the number of years between the first attack of 
rheumatic fever and the first pregnancy correlated vrith the number of years between 
confinement and the onset of signs of heart failure. As in earlier studies, our own 
study shows a weak negative correlation (r= — 0.15) which shows that the 
greater the interval between the first attach of rheumatic fever and confinement, the 
sooner do signs of heart failure follow confinement. Neither for nulliparae nor for 
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CORRELATION OF THE NUMBER OF BIRTHS WITH THF 
NUMBER OF YEARS PRECEDING HEART FAILURE 


Jo 


20 


t; /O 


t" ■ , , 1 

2 4 6 a /O 

Number of births 

Fig. J. 




multiparae does it matter to the prognosis whether there have been several attacr-- 
or only one of rheumatic fever. Table IV shows that there is no significant clifferonrt 
between the various groups with regard to the mean age at the oiifct o 
signs of heart failure. This is so because in the overwhelming majority of ca- - 
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CORRELATION OF THE NU/ABER OF YEARS BETWEEN FIRST 
ATTACK OF RHEUMATIC FEVER AND THE FIRST PREGNANCY 
WITH THE NUMBER OF YEARS BETWEEN CONFINEMENT 
AND HEART FAILURE 



Years preceding pregnancy 

Pig. II. 

it is tiie first attack of rheumatic fever which gives rise to valvular disease of 
the heart. 

According to Buuim and Rubricius (1948), Correll and Rosenbaum (1960), 
and Van der Veer and Kuo (1950), the age of a heart patient at the time of her 
confinement is an important factor concerned with the development of heart 
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DISTRIBUTION OF WOMEN ACCORDING TO THEIR 
AGE AT THE ONSET OF HEART FAILURE. 
PATIENTS OVER 25 YEARS 
PERCENTAGE DISTRIBUTION IN EACH AGE GROUP. 

. □ Nulliparae 
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25‘30‘35'40‘45- SO'SS- 60-63- 
39 343944 49 54596469 

Age groups 

Kg. III. 


failure, and according to Hamilton (1947) it is particularly after confinement aftc 
the age of 35 that the prognosis is bad. The age distribution of our patients docs 
not permit of any exact, numerical estimate on this point, but if we place out pa- 
tients in groups according as they were under or over the age of 30, and at the sair.? 
time_ according to the number of their confinements, we do not imi lltnl sip' f) 
heart jailure set in earlier in the older than in the younger age grotiy. 


Table V, 


Mean age at onset of heart failure and duration of observation period of heart jailm. 



Mean ngo at 
onset of heart 

Jlcan observation period j 
of heart failure. i 


1 failure 

Living 

Dead i 

Nulliparae 

Parae 

Difference and estimated sampling error. 
Is the difference significant? 

i 37.0 (15.1) 
41.0 (11. r) 
4.0 (2.3) 

1 No 

!).C5 (0.3) 
9.5 (5.9) 
0.13 (1.5) 
No 

C.O (3.S) i 
c.: (4.25); 
0.7 (1.5) ! 
Ke 


Various methods have been employed in determining the prognosis for heart 
patients who have been confined. The patient’s age at the onset of signs of eVi 
failure, and her age at death give the most adequate data for determining t^- 
prognosis. Fig. Ill shows that after the age of 26 and in the age groiij/s 
and 40 — 44, patients who have been confined are more often subject to dccowp -* 
sation of the heart than nulliparae, but the difference is not statisticallj 
icant. The mean age at the onset of signs of heart disease was 41 (11.7) for patiCi ' 
who had been confined, and it was 37 (15.1) for nulliparae (table V). The cowP''’^ 
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DISTRIBUTION OF WOMEN ACCORDING TO THEIR 
AGE AT THE ONSET OF HEART FAILURE. 
PERCENTAGE IN EACH AGE GROUP. 

THE WHOLE MATERIAL. 


O Nulliparae 



/S- 20'25-30-35-40'45-50-55-60-65- 
/9 24 2934 39 4449 54 5964 69 


Age groups 


Fig. IV. 


atively low mean age at the onset of asystole for nulliparae depends on a relatively 
great number of young patients with signs of heart failure in our material (fig. 
IV). Among our patients who had been confined there were 24 who were dead at 
the time of the follow-up investigation. The mean age at the time of death was 
55.2 (11.85) for the patients who had been confined and 34.3 (10.15) for the nulli- 
parae. For the sake of comparison we would quote Aubert (1943), whose study of 
rheumatic patients in Bergen showed a mean age at the time of death of 43 Ya 
years. Boyer and Nadas (1944) found the mean age to be 51.5 years for women 
who had been confined. Other writers also have found the mean age at the time of 
death to be younger for nulliparae than for multiparae. In order to obtain a com- 
prehensive survey of our prognosis studies, we have presented in table V the mean, 
age at the time of onset of signs of heart failure and the observation period with 
heart failure for the two groups of patients. We have found in this material no 
statistically demonstrable difference between the women who had been confined 
and nulliparae. 

Our cases of congenital heart-disease show that most types of acyanotic lesions 
are not unfavourably influenced by pregnancy. These patients had undergone from 
one to four pregnancies without experiencing any aggravation of their disease. 
But a greater number of pregnancies is not advisable. Ductus arteriosus persistens 
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and ventricles do not contra-indicate pre-nancv nrovMnrl fL7„ 
enlargement of the heart (Taussig (1947)>an dcr Veer and Kuo nTsor'w m'’' 
suffering from coarctatio aortae ought not to undergo pre.nanc; anL ! 
prohibition applies to the subjects of congenital lesions 4on thei sufeSor 
persistent cyanosis (Taussig). The maternal mortality for patients sufferine f ” 
congenital heart disease is 2.9 % according to Hamilton (1947), 


Discussion, 


The statistical calculations on which our conclusions are based show that our 
material is numericaUy sufficiently representative. In a clinical material such a? 
OUTS there must inevitably be certain defects, and they apply particularly to the- 
control group of nulliparae, This is why some writers have employed males suffering 
from rheumatic lesions as controls (Cohn and Lingg (1943), Graham ctal. (1951)f. 
It was also found that the duration of life was practically identical for men and 
parous women. Some ivonien with rheumatic lesions die before reaching the nubile 
age, and others suffer so much from their heart disease early in the fertile age that 
they do not marry. This is why the group of women who suffer from rheumatic 
lesions, who marry and w'ho give birth to children represent a selective group con- 
sisting of women suffering from lesions avhich give rise to insignificant symptom? 
or none at all. The social conditions under which a patient lives are also of prog- 
nostic significance, and we must remember that our calculations are based on the 
patient’s owm statements with regard to the onset of asystole, and this may consti- 
tute a source of error. These sources of error have been eliminated in the larger Amer- 
ican materials, and it has thus beeu possible to study comparable groups. Colm 
and Lingg (1943) have done this, and like us they have found no significant differ- 
ence in the clinical course run by the subjects of rheumatic heart disease and in 
the expectation of life according as the patients were parous or nulliparae. 

Even though these investigations show that the prognosis is good for women 
who suffer from heart disease and are confined, we must not ignore the fact that 

pregnancy and confinement represent an increased risk for the subjects of ihni- 

mafic lesions. In an American material (Bunim and Appel) the maternal mortaliti 
in the 10-year period 1936-48 was 3.4 %, and the risk was approximately four 
times greater for the patients suffering from decompensation during pTCgnancy 
than for the compensated cases (Van der Veer and Kuo). In the ^ 

majority of cases the cause of death was heart failure, but embolism an me er 
endocarditis occurred also (Hamilton). In one of our cases a subacute lac cm 
endocarditis developed post partem. Keactivation of a rheumatic car itis b ^ . 
seldom seen during pregnancy. There is also a rise of the infant morta i y 
mother suffers from heart disease, and this rise is greatest when the mother s 
disease is decompensated (Bunim, Appel and others). The relatn e y ug i 
mortality usually depends on prematurity (Van dcr Veer and Kuo). 

Our material shows that in several cases of rheumatic disease decompen 
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set in directly after the first or second confinement. We are under the impression 
after a closer analysis of these cases that in most of them a correct selection -would 
have led to the advice not to become pregnant. The heart’s functional capacity to 
respond to work is undoubtedly the most reliable guide to such a selection, even 
though we do not possess exact methods for determining heart reserves. Such 
selection is guided by the rules laid down by the American Heart Association for 
cardiac insufficiency. Patients belonging to Group I with very small radiologically 
demonstrable enlargement of the heart run but small risks on becoming pregnant 
(mortality < 1 %). Patients belonging to Group II, with moderate enlargement 
of the heart show a mortality of about 5 % in connexion with pregnancy, while 
patients in Group III show a mortality far above 10 %. Patients who by functional 
tests belong to Group III or Group IV should be advised against pregnancy, as 
should also the subjects of active rheumatic carditis or permanent fibrillation 
arrhythmia. A record of signs of a failing heart during earlier pregnancies should also 
be a contra-indication. 

Even when these rules for the selection of candidates for pregnancy are followed, 
patients belonging to Groups I and II may suffer from decompensation during 
pregnancy. When signs of heart failure set in before the fourth month of pregnancy, 
the induction of abortion is recommended, possibly supplemented by sterilization 
(Van der Veer and Kuo). Later on in pregnancy the risk entailed by an operation 
is greater than that incurred by allowing the pregnancy to continue to term. Steri- 
lization was carried out in 16 of our cases, in conjunction with the induction of 
abortion in 8, and after confinement in the other cases. There is convincing statis- 
tical evidence to show that abstention from operative treatment of heart patients 
in the latter part of their pregnancy and during confinement yields the smallest 
maternal mortality. The treatment of cardiac insufficiency is based on the ordinary 
principles of medicine. A recent report from England (Logan and Turner) is to 
the effect that mitral valvulotomy is indicated when women suffering from mitral 
stenosis begin to show signs of heart failure early in pregnancy. The operation risk 
does not seem to be increased by pregnancy, and thoracotomy before the fourth 
month of pregnancy does not increase the risk of abortion. 

The line of conduct to be chosen is comparatively clear when we are dealing with 
rheumatic or congenital lesions in connexion with pregnancy. But we are not on 
such safe ground when we have to make our choice for patients who have suffered 
from infarct of the heart, subacute bacterial endocarditis or have undergone some 
operation for congenital lesions. We know from the literature of the subject that 
women have survived pregnancy after contracting bacterial endocarditis (Hamil- 
ton), infarct of the heart (Horwitz et al.) and after undergoing intracardiac opera- 
tions (Russell et ah). But we have not yet any great experience with regard to these 
conditions when considering the advisability of pregnancy. 

Conclusions and Sunmiary. 

The change in the haemodynamic conditions during pregnancy constitutes an 
additional strain on the heart, and an effort syndrome develops not infrequently 
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during the pregnancies of women with healthy hearts. As some 2 o/„ of pre^,ant. 
women suffer from organic heart disease, we are fairly often confronted by the 
problems raised by the combination of the two conditions. 

fo order to study the late prognosis for women who have been confined after 
suffermg from rheumatic and congenital heart disease, we have undertaken a foJJoir 
up investigation of a medical hospital material. Table I shows the distribution of 
the various types of heart disease and the numerical superiority of cases of mitrai 
stenosis. Table II shows that most of the subjects of organic heart disease had un- 
dergone one or two pregnancies, but when we compare the number of children 
born to heart patients with the number of children bom in the whole of Norsvay, 
we find that the mean for the two groups is almost identical (table III). In the 
present material our patients had tmdergone 312 pregnancies, and in only 3.5 % 
of them had signs of heart failure developed and led to the interruption of pregnan- 
cy. By correlating the number of births with the number of years between the last 
confinement and the appearance of heart failure (fig. I) no connexion could be 
established between the number of confinements and the frequency of heart failure. 
To judge by our investigations, the localization of rheumatic vahmlar disease 
of the heart is of no prognostic significance. Fig. 11 deals with a correlation cal- 
culation which shows that the longer the interval between a first attack of rheuma- 


tic fever and confinement, the shorter is the period between confinement and the 
subsequent development of heart failure. Table IV shows that the prognosis is in- 
fluenced neither for nulliparae nor parae whether they have had one attack of rheu- 
matic fever or several. In the present material the late prognosis was not influ- 
enced by tbe patient’s age at the time of her confinement. Table \ shows the moan 
age at the onset of heart failure, uuiliparae being somewhat younger than parae. 
This was so presumably because there was a comparatively great number of young 
patients suffering from heart failure in our material (fig. IV). The mean age at the 
time of death was 55.2 years for parae and 34.3 years for nulliparae. 

Our material shows that preguaucy is not contra-indicated for women with 
congenital lesions — ductus arteriosus persistens Botalli, isolated stenosis of the 
pulmonary artery and septum defects of the auricles and yentricles. 

The follow-up examinatiou presented here shows that the late prognosis is 
good for women who suffer from rheumatic lesions and who survive pregnancy, and 
that it is probable that the maternal mortality can he still further reduced by a 
correct selection of prospective mothers. 
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Siipi’cifstenial Puncture of tlic Piiliiionary Artery. 

By 

STIG RADNEB. 

(.Suhmitted for publication September 17, 11153.) 


The suprasternal technique of left atrial puncture is employed by us for flow 
-Studies in certain affections of the cardiovascular system (S. Iladner, in press). 
While aiming at the left atrium by this approach, the neddle was passed into the 
pulmonary artery in three cases. The procedure was entirely harmless to the pa- 
tients. The unintended punctures were utilized for measurements of the pressure 
variations in the lesser circulation. 

There are close anatomical relationships between the left atrium and the pul- 
monary artery which explain the aberration of the needle. 

Anatomical Notes. 

The main stem of the pulmonary artery bifurcates over the anterior portion of 
the left atrium, and its right branch turns around the posterior aspect of the as- 
cending aorta, in front of the tracheal bifurcation (Fig. 1). When the needle is 
guided closely along the anterior border of the trachea, it penetrates as a rule 
directly into the left atrium, behind the right pulmonary artery. If the direction 
of the needle is slightly more anterior, the right pulmonary artery may be punc- 
rnred. By the suprasternal approach, the pulmonary artery is entered through its 
extrapericardial umll, while the left atrium in most cases is reached through the 
pericardial cavity. If by this approach the insertion of the needle is continued right 
through the pulmonary artery for one or two more cm, the left atrium will be 
reached after penetrating the transverse pericardial sinus, which separates the two 
-Structures, 

Technical Notes. 

A special double needle is employed which permits safe puncture and easy hand- 
ling for aspiration, flushing and pressure measurement. The external diameter of 
the outer needle is 0.8 mm, and its free length is 165 mm. 
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STIC RAOSER. 


After local anaesthesia (without adrenalin) of the skin nnr? « i 
towards the upper thoracic anertnre J n suhcutaiwoiis lav 

cm above the botom of tLT"“. ' “ ” .«» »««- 


ccr 

•1 




■0 cm below tlu- 
a snftlv 



Kg. 1. Drawing to sliow the anatomical relationships of the pulmonary artcrj-. Arrow. s inilicate the 
direction of suprasternal puncture of the pulmonary artery and the left atrium. 

T. ~ Trachea. L. b, = Left main bronchus. 

P. a. = Pulmonary artery, cut to show first part of its right branch. 


pulsating resistance is felt with the needle at a depth of about 8 — IG cm below ihe 
fossa. It is impossible to decide, judging solely from the character of this resistance, 
whether the needle rests on the pulmonary artery or on the left atrium. Only 
after puncturing and aspiration of blood or pressure measurement can the ]wsitiou 
be determined. If the needle has been found to stand in the pulmonary nrtorw "c 
do not hesitate to introduce it further for left atrial puncture. 

For pressure recordings, the needle is connected with a Tyhjasrg Hausen mano- 
meter by means of a short piece of a Cournand catheter. 


Notes on the Eesults. 

The pulmonary artery was unintentionally punctured by the suprastcniai ap 
proach in three cases out of six, the left atrium being the point of destination o t c 
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fig. 2. Pressure curves taken from same point in the right pulmonary artery, the upper curve by right 
heart catlieterization, the lower by suprasternal puncture. The catheter curve shows mechanical inter- 
ference due to oscillations of catheter. There is no extraneous distorsion of the suprasternal curve. 
Both curves obtained from a patient with mitral stenosis and secondary pulmonary lij'pertension. 

Interval of two days between the two procedures. 

ueedle. In all of the cases, right heart catheterization had been performed prior to 
the puncture, and therefore the pressure levels in the pulmonary artery were al- 
ready known. However, the percutaneous pressure curves seem to afford important 
additional information of the pulmonary hemodynamics. 

Pressure tracings from the pulmonary artery obtained by right heart catheteriza- 
tion regularly show mechanical interference due to oscillations of the catheter, 
and this renders impossible the detailed analysis of the curve patterns. The pressure 
records obtained by suprasternal puncture of same vessel do not show such extra- 
neous distorsion, and hence wave contour analysis may be applied for right heart 
outflow studies. The difference in shape between the two types of records is dem- 
onstrated in fig. 2. 

Owing to the relatively small size of the target, attempts at selective puncture of 
the pulmonary artery are not being planned. The present frequency of accidental 
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punctures of the artery suggests, however, that coutiimed use of our left atrial 
procedure will provide sufficient material for a systematic study of right liean 
outflow by wave contour analysis. 


Summary. 

While attempting left atrial puncture by the suprasterual technique; the pul- 
monary artery was punctured in three cases out of six. The pressure curves from the 
artery obtained by this technique did not show the distortion by extraneous 
interference regularly seen in corresponding curves taken through heart catheteri- 
zation. The suprasternal pressure tracings therefore permit flow studies in- wavi- 
contour analysis. 

Beferences. 

S. Eadner: Suprasternal puncture of the left atrium for flow studie.-. .\eta meil. 
scand., 1954, 14S. r>l- 
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From the Medical Clinic of tlic Tuikn University, Finland, 
(Chief: Prof. Pekka Brummer, M. D.) 


Electrophoretic Studies of Red Cell Heiiiolysates. 

By 

ELIEIi WARIS. 

(Submitted for publication May 22, 1953.) 


It has been known for already some time that the hemoglobin of human red 
cells during fetal life differs from the hemoglobin of a healthy adult in certain 
chemical, physical and physiological respects. Already in the nineteenth century 
it was found that the hemoglobin of the fetus is more slowly denatured than that 
of the adult in an alkaline solution (U, 15). Later Brinkman and Jonxis made 
further developments in this method and studied the behavior of the hemoglobin 
of the fetus, infant and adult toward alkaline denaturation (6, 7). 

Barcroft assumed that the hemoglobin of persons with anemia resembles fetal 
hemoglobin in certain respects (5). Using the method of Brinkman and Jonxis, 
Larsen studied the red cells and their hemolysates in pernicious anemia (17). He 
demonstrated that in these red cells alkaline hematin is formed form the hemo- 
globin in the same manner as in a mixture containing fetal and healthy adult 
blood in equal proportions. It was also seen that the hemoglobin from the 
normocytes of these patients conformed to the hemoglobin of the healthy 
adult, whereas the hemoglobin from macrocytes (that portion of the red cells 
not hemolysed in a 0.30 per cent saline solution) was stiU more resistant to alkali 
than fetal hemoglobin. 

A large number of electrophoretic experiments have been carried out with pure 
solutions of hemoglobin (e. g., 8, 16) hut Stern and his co-workers (23) were the 
first to publish, in 1945, a report on the electrophoretic pattern of red blood ceU 
proteins. Previously there had been a report (2) comparing the electrophoretic 
mobilities of adult and fetal hemoglobin. It was demonstrated that fetal hemo- 
globin had a more rapid rate and separated from a mixture containing equal pro- 
portions of hemoglobin solution from adult and fetal red cells. Hoch (9) is also 
reported to have observed similar, though less marked, differences. 

Pauling and his co-workers (18), in a study which aroused great interest on its 
publication in 1949, demonstrated that the hemoglobin of patients with sickle 
cell anemia differs electrophoretically from normal hemoglobin and forms a com- 
ponent of its own (S Hb). The hemoglobin samples of some persons with the sick- 
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Smger and his co-workers (20) developed an accurate method for cxarainatioa 
of the denaturation of hemoglohin hj alkali. They compared the abnormal be- 
havior of the hemoglobin in electrophoresis and the values in alkali denaturation 
in sickle cell anemia but found no correlation. The group of miscellaneous diseases 
m their fairly extensive series included two untreated cases of pernicious anemia, 
in which elevated denaturation values were obtained. This appears to bear out 
the findings made by Larsen (17). 

The electrophoretic studies thus far made on pathological or abnormal hemo- 
globins have been chiefly concerned with the hemoglobin in sickle cell anemia and 
in fetal red cells, No studies on diseases of the blood other than those mentioned 
above have been reported in the literature available to the author. ISincc (li.sturb- 
ances in the protein synthesis of the red cells may also he present in other anemic 
conditions, an interesting problem is presented by the question ns to whether 
electrophoresis reveals any features deviating from the normal in the hemoglohin 
or the red cell hemolysatc in some of the more common anemias. The following i.s 
a description of the author's work in which an attempt was made to shed light 
on this question. 


Material and Mctliods. 


The series consists of blood samples taken from 13 healthy adults, 11 patients 
with pernicious anemia and 17 patients with other types of anemia. It also con- 
tains the blood sample from a case of polycythemia vera. Samples of umbilical 
cord blood from 9 new-born infants were also studied. The series thus totalled 51 


samples. 

The blood samples were heparinized or citrated, and centrifuged. The cells wore uaslicd 
three or four times in sterile physiological saline and some of the samples were thou wta- 
rated with carbon monoxide for the purpose of comparison. Hemolysis was caTticd out 
with sterile distilled water and some of the samples were also treated with toluene llio 
ceU stromata were centrifuged off and the bright red hemoglobin solutimi was stored 
before use in the refrigerator at 4° — h 6° C (some of the samples m CO s.a ura lonj^. 

The length of storage time was usually 1-4 days, but in some cases it was o”])' “ 

hours. Dialysis and electrophoresis were carried out with the mstrumenfs o . 
weiler apparatus (3, 4), using the following buffer solutions: Dole f „ 

analyses), Micbaelis buffer, pH 9.i (2 analyses), and phosphate 
(14 analyses). The time of dialysis varied from I*/: to 2’/. hours. After dialisr . 
lysed solution was diluted to the suitable concentration of 0.5-1. a 1’" 

^The samples were analysed either singly or m pools of samples m A 1 
micro-electrophoretic apparatus, using a running time varjnng rom 
serum analyses a run of 18 min. is usually sufficient.) A current o . r/'L jjj,. 
a voltage of 50-95 V was usef Reliable measurement of the "^"’atan' 

velocity was not possible in this system, one of the reasons being sue gr . 
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variations in tlie amperage and voltage that they could not be entirely compensated. The 
course of the analysis was followed by the Philpot-Svensson system (4, 25) and the results 
were registered by photography and/or interferometry (3, 1). _ _ 

As controls, parallel analyses were made in 9 cases in the State Serum Institute, using 
the Tiselius apparatus. 

The anticoagulants, carbon monoxide saturation and the buffer solutions used 
appear to have no influence on the final results of analysis. Table 1 shows the 
results of 9 analyses made on the blood of 7 healthy adults in the control group 
(N = normal) and the results of 17 analyses of the umbilical cord blood of 9 new- 
born infants (F == fetal). In some of the cases there was a single clear peak (type I), 
of which Fig. 1 is an example. Sometimes there was a small, more or less clear 
additional peak at the foot of the descending boundary (tjipe II), which dis- 
appeared fairly soon (Fig. 2). In type III the peak was clearly broken into two 
or more boundaries (Fig. 3). 

Table 2 lists along the same principles the patients with anemia, showing the 
analysis results, their dependence on the electrophoretic test conditions, and the 
hematological condition of the patient at the time the sample was taken. The 
diagnosis was based on the blood picture, the typical bone marrow finding, and 
other observations at clinical examination. Three patients in the pernicious anemia 
group (No. 9, 12 and 14) had already received specific treatment (2, 2 and 4 weeks), 
whereas the other patients had had no treatment. 

Some of the samples were pooled, so that 2 to 5 samples were analysed together 

Table 1. 

Control series. 

Electrophoretic conditions and results. — Apparatus: T = Tiselins, A = Antweiler. — Buffer; D = 
Dole, P = phosphate, M = Mchaelis. For the Tiselius apparatus the potential gradient (Volts per cm) 
IS given instead of the amperage and voltage. — Results: Type I ^ curve as if fig. 1; II = curve 
ns in fig. 2; type III = curve as in fig. 3 (see text). 
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TnWc 2. 

Anemia series. 

Hematological condition, clectropliorctic conditions, and results. 

Explanations as in] Table 1 and as follows: Rbc. = Red blood cells in millions jwr c.ram; 1. - Color 
index; Hb = Hemoglobin percentage as determined with »Hemotest* clcctrocolorimetcr. 





ELECTIXOPHOKETIC STUDIES OE RED CELL HEMOLTSATES. -1-^-1- 

(Table 2). It was originally intended to find out by elinaination tbe origin of tbe 
protein fraction wHcb sometimes separated from tbe main peak, as measurement 
of the velocity was not considered possible in view of the uncertainty of the results 
under these conditions. In this way it would have been possible to compare the 
mobilities of the normal and the diverging component. 


Results. 

It is seen from the tables that the splitting up of the peak was only obtained 
in those analyses in which a higher amperage than usual (generally over 1.90 mA) 
was applied for a fairly long time. Thus the result is clearly dependent on the 
electrophoretic test conditions. sNormak test conditions gave consistently a single 
peak or at the most a slight blurting. The anemia group showed no distinct dif- 
ference from the normal group. In the new-born group there was quite frequently 
a doubtful result (type II), but a distinct splitting up of the peak occurred bnly 
when the current was stronger than normal. There can hardly be here a question 
of the separation of hemoglobins of type R and N (Andersch et ah, 2). A result 
diverging from the others (type III) was obtained for pooled bloods No. I (Table 2). 
The same components with the exception of secondary anemia (acute leukemia) 
were included in pooled bloods No. II, which gave a negative analysis (single peak). 
The patient died before a control, sample could be obtained. 

The results of the 9 analyses carried out with the Tiselius apparatus point in 
the same direction as the results obtained with the Antweiler apparatus. 

Discussion. 

When the analysis is being followed by the Philpot-Svensson system in the 
Antweiler micro-electrophoretic apparatus there appears to be a certain degree of 
indefiniteness in the protein curve while phoresis is going on, no matter whether 
it is a question of serum or plasma proteins or, as in this work, of red cell proteins, 
?. e., almost solely hemoglobin. Not even the slightest fraction preceded the hemo- 
globin peak, but in one or two other analyses carried out by the author, in which 
the centrifuged solutions were not quite clear, I observed a small peak which had 
a greater velocity than hemoglobin and which seemed to conform to the »a)> pro- 
tein observed by Stern and his co-workers (23). The ascending boundary of the 
hemoglobin peak was always intact, clearly defined and abrupt. On the other hand, 
at the lower part of the descending boundary of the peak there was sometimes a 
small additional peak, which disappeared when the current was cut off. There 
were also all intermediary patterns up to complete splitting up of the peak. The 
latter phenomenon may be ascribed merely to a convection phenomenon — in 
Other words, decomposition — which is not identical with the maturab) fractiona- 
tion of proteins in electrophoresis (1, 4, 25, 27). This seems to be indicated by the 
facts that the splitting of the peak usually started only after a relatively long 
electrophoretic run and always when a higher amperage than normal was used 
and that it was a highly variable, non-uniform and frequently merely a passing 
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(1<). On the contrary, Singer and his co-workersinve stressed a ,mS,e7„f , 
in their reports that the electrophoretic curt-e 'merely depicts the iniecation ofT7 
prolems tn the electric field. The different proteins which move toSe , , 7 t ft 

wta (LrS) '' P-ti", .£ 


Suniiiiai-y. 

1. Using i^tweiler’s micro-electrophoresis method the red cell proteins were 
examined in 51 blood samples taken from health}' adults, new-born infants (um- 
bilical cord blood) and patients with different types of anemia. 

2. No distinct variations from the normal were seen in pernicious anemia or in 
other types of anemia. 

3. With the niethod used,, the hemoglobin obtained from the red cells of the 
new-born was not clearly seen to differ in electrophoresis from the hemoglobin 
of the healthy adults. 

4. Under the influence of over 1.90 mA applied for a sufficiently long period 
(and only exceptionally under anormah conditions) the single peak given by the 
hemoglobin split up in all cases. However, this probably was only a convection 
phenomenon. 
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In 1938 and 1910, Daraeshek and Schwartz (1, 2) pointed out that hemolytic 
anemia may be caused by antibodies which destroy the red cells in vivo. In those 
days, the methods used for detectiug these antibodies were usually unsatisfactory. 
Since then, several new teohuics have been developed, and erythrocytic antibodies 
are now demonstrable in most cases of erythroblastosis fetalis and acquired hemo- 
lytic anemia. The Coombs’ test, which reveals a globulin adsorbed to the red cell 
sm’face, is usually positive in these two groups of immuno-hemolytic anemia (3, 4). 
Free agglutinin is found in the serum in many cases of acquired hemolytic anemia, 
and in some there is free hemolysin (amboceptor) (4, 5). The various methods for 
demonstrating antibodies, both those adherent to the red cells, and free in the 
serum, as complete or incomplete agglutinins, or free hemolysins have all proved 
very helpful. It should always be borne in mind, however, that these technics show 
simply that there are proteins in the blood which act as auto-antibodies. The 
various antibody reactions employed in vitro do not reveal the mode of action of 
the antibodies in vivo. In cases with a positive Coombs’ test, but no free anti- 
bodies in the serum, there may he ^^olcnt hemolysis in vivo, bub how tho coated 
red cells are destroyed in the organism has not been clarified. In cases with free 
red cell agglutinins in the serum, it is not known why the substances, detectable 
in vitro as hemagglutinins, act as hemolysins in vivo. Fiu’thermoro, even in cases 
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In 1938 and 1940, Dameshek and Schwartz (1, 2) pointed out that hemolytic 
anemia may be caused by antibodies which destroy the red cells in vivo. In those 
days, the methods used for detecting these antibodies were usually unsatisfactory. 
Since then, several new technics have been developed, and erythrocytic antibodies 
are now demonstrable in most cases of erythroblastosis fetalis and acquired hemo- 
lytic anemia. The Coombs’ test, which reveals a globulin adsorbed to the red cell 
surface, is usually positive in these two groups of immuno-hemolytic anemia (3, 4). 
Tree agglutinin is found in the serum in many cases of acquired hemolytic anemia, 
and in some there is free hemolysin (amboceptor) (4, 5). The various methods for 
demonstrating antibodies, both those adherent to the red cells, and free in the 
serum, as complete or incomplete agglutinins, or free hemolysins have all proved 
very helpful. It should always be borne in mind, however, that these technics show 
simply that there are proteins in the blood which act as auto-antihodies. The 
various antibody reactions employed in vitro do not reveal the mode of action of 
the antibodies in vivo. In cases with a positive Coombs’ test, but no free anti- 
bodies in the serum, there may he wolent hemolysis in vivo, but how the coated 
red cells are destroyed in the organism has not been clarified. In cases with free 
red cell agglutinins in the serum, it is not known why the substances, detectable 
in vitro as hemagglutinins, act as hemolysins in vivo. Furthermore, even in cases 
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m •R'liicli substances acting as bemolysins in %'itro arc demonstrable it i= • 

There is strong e^^dence in favor of the concept that the liviim oreanism art 
participates m the red ceU destruction, not only by production of antibodies bit 
by other means as well (6, i). The spleen, for instance, probablv plays two dif- 
ferent roles in immuno-hemolytic anemia. At least in some cases it produces auto- 
antibodies (4), but it also destroys red cells which have been affected by anti- 
bodies. After splenectomy, clinical improvement and decreasing red cell destruc- 
tion is sometimes obvious, even when no change in the antibody titer has occurred 
(5). It would be of interest to learn the fate of the red cells coated with antibodies 
in Yivo, also factors in the living organism which destroy these cells and, more- 
over, whether there are factors which inliibit hemolysis in vivo. 

The discrepancy between the effect of a certain amount of antibody in vitro 
and in vivo is obvious in experimental hemolytic anemia. Muir and MacNce (8), 
in 1911, were the first to point out that a given amount of antibody licmolyzcs 
more red corpuscles in vivo than in vitro. Two years later this observation was 
confirmed by Banti (9). He distinguished two phases in hemolysis after injection 
of red cell antibodies into animals. The first phase occurred immediately after the 
injection and slow' hemolysis followed over a period of several days. In their e.x- 
periments on guinea pigs, Dameshek and Schwartz (1) found the effect of immune 
antibodies to be stronger in vivo than in vitro. 'Wasastjerna (7) made a similar 
observation. He found that the enhanced and prolonged hemolytic effect in vivo 
was characteristic of immune antibodies, whereas saponin and streptolysin 0 
destroyed more corpuscles in vitro than in vivo. There may exist a number of 
mechanisms which are responsible for the red cell destruction in vivo after injec- 
tion of anti-red cell serum. Intra-vascular agglutination of red cells is probably 
one of them, because most immune sera used have a higher agglutinin titer than 
hemolysin titer in vitro. The importance of this mechanism has been stressed by 
Ham and Castle in 1940 (10). They found that the agglutinin concanavalin A 
caused hemolysis when injected into animals. Their finding was later confirmed by 
Dameshek and Miller (11). As early as 1902, Kraus and Sternberg (12) reported 
agglutination of whole blood taken from experimental animals given injections 
of anti-red cell serum. Identical observations have since been reported bj Bessis 
and Kreixa (13), and by Wasastjerna (7). Studies of the intravascular blood stream 
in experimental hemolytic anemia were made by Day and Perry (14), and p asa- 
stjerna (7), who found that there was a marked aggregation of red cells in the 
vessels. The magnifications used were low, however, and the technics no qui c 
satisfactory. In consequence, the observations were not detailed enough. 1 icre- 
fore- renewed detailed studies of intravascular agglutination _m experimental im- 
muno-hemolytic anemia with improved technics were necessitate 


Methods. 

A simple and adequate technic for intravascular observation has been d^^ 

cribed by Fulton, Jackson and Lutz (15). They studied the blood 
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transilluminated hamster cheek pouch mth an ordinarj- microscope equipped with 
water immersion objectives. With the assistance of these investigators, this method 
was used in the present studies and fomrd highly satisfactory. A monocular micro- 
scope equipped with a 10 X dry objective and a 50 X water immersion objective 
was employed. The oculars were: a 7.5 x micrometer ocular, a 10 X and a 20 x ordi- 
nary ocular and a 15 X wide field ocular. The magnifications thus obtained varied 
between 75 and 1,000 X. 

Six to teu-week-old male hamsters (mesocricetus auratus) were used for the ex- 
periments. They were anesthetized with nembutal intraperitoneaUy, about 0.2 cc 
■of a 5 per cent solution to a hamster of 100 g. The cheek pouch was stretched out 
on a plastic block, immersed in warm Ringer solution, and observed under the 
microscope. 

Anti-hamster red cell serum was prepared by repeated intravenous injections 
of washed hamster er3H:hrocytcs into a rabbit; the serum was inactivated and 
frozen. A two-fold dilution series was made up for titration of the hemolytic power 
of the serum; 0.2 cc of fresh guinea pig serum, diluted 1 : 10, and 0.2 cc of a 2 per 
cent hamster red cell suspension were added to 0.2 cc of serum dilution. The 
agglutinin titer was determined in the same rvay, but saline was used instead of 
complement. The titer was read after incubation of one hour at 37° C, and ex- 
pressed as the final dilution of serum in the last tube showing agglutination or 
hemolysis. The agglutinin titer of the serum used was 1 : 768, and the hemolysin 
titer 1 : 384. This dilution resulted in complete hemolysis; barely visible hemol- 
ysis developed at a titer of 1 : 6144. 

All hamsters were given injections of undiluted immune serum. The doses varied 
between 0.1 and 0.5 cc per 100 g body weight, administered once only, or once 
daily for two, three or four days — intraperitoneaUy, intravenously, or intra- 
cardially. 

Blood for the counts was obtained from a small blood vessel on a paw of the 
hamster, incised using a sharp blade. Red cell counts were made in all cases, and 
reticulocyte counts in eight hamsters treated with immune serum. Dry smears on 
cover slips stained with cresjd blue were used for the reticulocyte count. 


Results. 

Fir e untreated healthj’’ hamsters were observed. No red cell agglutination was 
seen in the blood vessels. For control two hamsters were given injections of nor- 
mal rabbit serum: one of them was given 0.5 cc per 100 g body weight intra- 
cardially once only; the second one was given daily intraperitoneal injections of 
0.25 cc per 100 g over a period of four days. The blood flow was completely normal, 
and no intravascular clumping of red cells was observed. Gitrated blood showed 
no macroscopic or microscopic agglutination of red cells in vitro. The red cell 

count and the reticulocyte level did not change significantly during the period of 
observation. o j. 

Immune serum was given to 24 hamsters. As already mentioned, the dose and 
route of admimstration varied, but all doses were sufficiently large to bring about 
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a faU in tte red cell count of over one million per cu.mm The E B 0 • i 

between 6 Oo and 10^31 million in the untreated animals, average 8 f mdii nT 
cu.mm. The lowest R. B C. recorded after treatment w’as l.osir Th t /:; 
the lowest values in all animals treated was 4.3 and the avern^e drl i 
to the treatment, 3.8 million. The red cell count generally decreased o«r'a 

occurred injection, after which a rise usually 


_ Only four animals died after the injections. The cause of death was accidental 

• a dose of anesthesia, and another 

inhaled Ringer solution dining the microscopic observations. Death was thus 
attributable to the serum injections in two cases only. One of the animals died two 
days after the last intraperitoneal injection and the second one si.v days after an 
intracardial injection. The general condition of most of the hamsters was only 
slightly affected by the mjections. The animals generally looked quite healthy, 
even when severe anemia occurred. 


The mean initial reticulocyte value in eight hamsters was 3.5 per cent, and 
after the injections there was a rise to an average of 27.3 per cent. The highest 
reticulocyte peak noted was 68 per cent on the fourth day after the last injection 
in a course of 0.15 cc immune serum per 100 g daily over a period of four days. 
All animals treated developed a marked, transient, micro-spherocytic blood picture 
after the injections. 


A drop of blood was taken from 15 animals and mixed with a small drop of 3.8 
per cent sodium citrate solution on a glass slide, and studied macro- and micro- 
scopically at room temperature. In 13 of the 15 cases red cell agglutination was 
seen on the slide after treatment of the animal, never before treatment. The 


clumping was definitely agglutination, and not rouleaux formation, but the clumps 
were of moderate size and visible macroscopically in only two cases. 

All of tbe 24 hamsters given injections of anti-hamster red cell scrum revealed 
agglutination of the erythrocytes in the cheek pouch vessels. The phcnomcuon 
was recorded on a Kodachrome motion picture film (16). The degree of intra- 
vascular agglutination varied greatly, and in general it was found to be correlated 
to the doses of serum — or even more directly to the degree of anemia vhich 
followed upon the injections. It was not, however, the result of the anemia, since 
it appeared immediately after an injection into the blood, at a time when the red 
cell count had not had time to change. In one case the microscopic observations 
were started seven minutes after an intracardial injection. Slarked intravascular 
agglutination of the red cells was seen. On the following day the amount of ,rcc 
cells in the vessels had increased again, but numerous cell clumps were su 1 seen 
in tbe venules, and these clumps looked firmer than those observed immcdiaklv 
after the injection. Two days after the injection, intravascular red cell agglutma- 
tion was still marked, probably more so than on tbe previous day, but tour clay, 
after the injection there were occasional clumps in a few veins only, 
most vessels all cells were free. The intravascular agglutmation genernll} la w 
about four days after the last injection and disappeared when the anemm 


most pronounced. 
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If clumping was moderate, it was visible only in some venules, usually in those 
with a slow flow, hut sometimes also in larger veins draining blood from venules 
with slow flow. Hence the agglutination did not, probably, retard the flow, hut 
the red cells had more time to become agglutinated in those vessels with slow flow. 
The arterial flow was generally normal in cases with mild agglutination in the 
veins. The red cells passed in single file in the capillaries. 

Even when extensive clumping occurred, the difference betAveen the number 
and size of clumps in the different veins was remarkable. All red cells were stuck 
together only in a very small number of vessels with floAving blood. The blood 
stream in treated animals generally consisted of a mixture of clumps of A'^arying 
size, and of free cells. Most cells were clumped together in some of the veins, and 
a few cells were free. In others, again, most cells were free, and only occasional 
clumps were seen. In one and the same field there might be a vein in which the 
large clumps were in the majority, and another one of the same size and the same 
rate of floAv in which all or almost all cells were free. ^Vhen the vessels then were 
studied in backward direction, it was always found that in the small venules, 
forming the vein with large clumps, the flow was slower than in those forming 
the other vein. 

In a ver)' few instances, small clumps of agglutinated cells were seen in the 
capillaries. As a rule the cells passed through the capillaries in single file, even in 
cases with very marked agglutination in the venules. In these cases, the rouleaux- 
like files in the capillaries seemed, however, to be longer than in the untreated 
animals. The cells stuck together in the venules, particularly if the rate of blood 
flow was slow. Furthermore, the clumps in the various small venules were often 
seen to stick together when they passed into larger venules and met clumps from 
other parts of the venous tree. 

The size of the clumps varied greatly. The smallest red cell clumps consisted 
of a few cells only, and measured about 10 micra in diameter. Numerous clumps 
of about 30 — 50 micra in diameter were seen in most animals treated, but some- 
times the cells formed cylinder-like clumps wliich filled the entire diameter of the 
vessel; sometimes they were much longer than the vessel diameter, i. e. 200 or 
300 micra, MTien these long clumps passed into larger veins with rapid flow, they 
always disintegrated. Short cylindrical clumps either broke up or changed shape 
becoming more or less spherical when passing into larger veins. 

Definite clumps were seen in arterioles. They were always small, however, and 
even when the A^enules contained mostly large clumps, the majority of the cells 
in the arterioles were usually free. 

There is only one plausible explanation of the difference in appearance pre- 
sented by the venous and the arterial flow: most of the large clumps formed in 
the venules probably become broken up somewhere in the circulation, before the 
cells come out into the arterioles. The fact that clumps were hardly ever seen in 
the capillaries is explainable in the same way. That intravascular agglutination 
was a reversible phenomenon, was actually observed, particularly in the venous 
network where the blood sometimes passes from larger veins into smaller ones, 
ihe clumps broke up m these spots, or changed shape in order to enable them to 
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contimie their passage. If the clumps were large and tlip in 
the blood stream sometimes stopped for a moment, slnl J hUr' Vr"',' 
however, or changed .shape so as to fit into the smaller vli u 
plugging of vessels was seen in the venous network, artfriole^ 

Static blood was sometimes seen in a few vessels of untreated 

often rathce large areas of vessels .i.h static blcri",','!:'::*!:" 
but the flow was never permanently stopped. When the study covered ndioti 
of sufficient length, then the blood was always seen to start drciilatintt n-Vin 
inrombus formation was never observed. r ■ ■■“ • 


Comment. 

In the experiments described above, the doses of anti-erythrocvtc .‘■eruui '.verc 
large enough to induce marked anemia, but not, as a rule, to kill the aniinab. Un- 
questionable intravascular red cell agglutination was seen in all nnimah freaud, 
and there was no agglutination in the controls. Numerous venules in some of tiie 
hamsters were filled with large clumps, yet the circulation was not .stopjied. Th'* 
animals were still in good general condition when observed, and most of them 
recovered from the anemia. The intravascular clumps often looked quite firm, 
yet plugging of vessels was never seen because the circulation forced the cliimpi 
to break up when the blood was due to pass through narrow passage.i!. The rever.--- 
ibility of the intravascular agglutination may explain the .satisfactory genera! 
condition of the animals, also the fact that the circulation was not imwh 
impaired. 

The results of the present work confirm the finding of intravascular red cell 
agglutination in experimental hemolytic anemia, previously made by means of 
less satisfactory' technics (7, li). The asludged bIood>> which Kniscly c( al. (17, 18) 
produced in experimental animals, with methods differing completely from those 
used in the present investigation, probably' looked very similar in many reqierts. 
Howev'er, some divergencies may be mentioned. For in.stance, in our experi- 
ments, red cell clumps were never seen to plug vessels, and the difference hetw-^n 
the clumping in the various vessels was probably' more prominent than in 
ly’s animals v'ith »sludged bloode. On no occasion did wc observe m 11 the animals 
blood changing to a thick muck-like sludgeo as in Knisely’.s malaria-infected mon- 
keys (19). The red cell clumps, found in the present investigation, were probably 
almost as friable as the groups of hamster red cells, described by Utz et al. in in- 
fection, neoplasia, after trauma, and irradiation (20, 21, 22). 

It has now been proved that injection of anti-erythrocyte serum into 
may cause marked intravascular red cell agglutination. However, this aor. wa^ 
done with one serum only. Hence wc do not know whether intravascular ac- 
glutination of red cells takes place regularly in experimental immuno-hcmoly uc 
anemia. It probably docs so in most cases and with a large nuinher o .‘^cra, <<- 
cause the agglutinin titer of the immune .serum used in the 
reported (1, 7), was considerably higher than the hemolysin titer. The 
tion titer of the serum used in our experiments was lower than the enf p 
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hemolysis titer, and only slightly higher than the total hemolysis titer. E\eu this 
serum caused a spectacular agglutination of the red cells in the vessels. Intravas- 
cular red cell agglutination thus probably occurs in all, or in most of the cases of 
experimental immuno-hemoljdic anemia. It may be a regular phenomenon, but 
its significance has not been fully elucidated. The results of the present observa- 
tions°do not show whether red cell agglutination is required for development of 
anemia in animals injected with immune serum. 

Ham and Castle (10, 23) have demonstrated that pure agglutinins may cause 
hemolysis in vivo. It is therefore quite probable that the intravascular agglutina- 
tion of red cells following injection of immune serum is an important phase in 
the Iieinoljdic process in the animal. Wasastjerna’s (7) observations favor this 
concept, i. c. that the effect of pure hemolysins in vivo per hemolytic unit is much 
weaker than of immune serum, and that the former substances act for a much 
shorter period in vivo than does the serum. Young at al. (24) and AVasastjerna (7) 
have found evidence of the presence of a factor in fresh plasma which enhances 
agglutination of red cells. Ham and Castle (10) postulate that agglutinated red 
cells are destroyed in the circulation because of their greater susceptibility to 
mechanical trauma than that of free cells, and because red cell clumps are se- 
questered in the spleen and other organs containing static blood. Even if the ag- 
glutination is reversible, there must be a considerable traumatic action on the cells 
every time the clumps have to break up. 

From the experiments now presented it may be concluded that a high degree 
of intravascular agglutination, caused by immune agglutinins, is compatible with 
life and recovery, and does not markedly affect the general condition. This finding 
permits the postulation that intravascular agglutination may also occur in im- 
muno-hemolytic anemia in man, w'ithout causing extensive plugging of blood 
vessels and immediate death. As a matter of fact, Zilliacus and Arajarvi (25) 
have noted intravascular clumping in the conjunctival vessels of infants suffering 
from erythroblastosis fetalis, and AVasastjerna et al. (26) in adults with acquired 
hemolytic anemia. 

Intravascular red cell agglutination is probably an important phase in the 
development of experimental immuno-hemol)d;ic anemia, but is not by any means 
the only mechanism which destroys erythrocytes. There is probably also a direct 
l}'tic affect of antibody and complement, and possibly the very fact that the red 
cells are coated with antibody renders them susceptible to destruction in vivo. 
A ouug et al. (24) produced several different kinds of immune-iso-antibodies active 
against dog red cells. The most pronounced hemolytic effect in vivo was obtained 
with the one which coats and lyzes cells in rdtro. Phagocytosis of the red cells is 
another important mechanism which destroys red cells in animals given injections 
of anti-erythroc)'te serum (27). In immuno-hemolytic anemia in man there prob- 
ably are similar mechanisms which destroy the red cells. Hot mentioned in the 
discussion above is fragmentation of red cells which probably occurs in some hemo- 
lytic disorders (6). Fragmentation was not observed in our intravascular studies 
01 animals. 
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Anti-erytlirocyte immune serum was inicctcd into Jnmcfnr- • j 
OBough to cause hemolytic anemia, but not os a rule to WHI 
TOsels o£ the cheek pouch mere stadM under the mic^scope. 1; S 

cel! aggiu toahon mas seen in all animals treated, but in none of ,h" " m,* 

The following characteristics of intravascular red cell agglutination 

red cells generally, passed the capillaries in single file; only occndonai 
small clumps of cells were seeUr Most red cells in the arterioles were free but in 
numerous arterioles there were small clumps. Usually, the venous blood con- 
sisted of a mixture of free cells and red cell clumps, varying in sire. The decree of 
agglutination varied markedly in the different venules of the same cheek pouch; 
some venules contained mainlj'- large clumps, and in some the majority of crytiiro- 
cytes were free. Single cells passing tlirougli capillaries stuck together on entering 
venules with a slow flow. The intravascular red cell agglutinatiou was reversible, 
and plugging of vessels was not observed. 

Intravascular red cell agglutination is probably one of several mechanisms 
responsible for the , red cell destruction in experimental immuno-hcmolytic 
anemia. 
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Figs. 1 — 4. Intravascular agglutination of red cells after injection of anti-erythrocy c 
serum. The photograi^hs have been enlarged from a 35 mm Kodachrome motion 
picture film (16). 



Fig. 1. Vemile in an anemic animal. R. B. C. reduced from 7.3 to 2.2 million, x 200. 



Fig. 2. Venule containing large red cell clumps, x 200. 
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Some Observations Concerning tlie L. E. Phenomenon. 

By 

M. C. VERLOOP, M. D. 

. (Submitted for publication September 3, 1953). 


In January, 1948, Hargraves, Richmond and Morton published an article in 
the Proceedings of the Mayo Clinic, in which they reported on a particular kind 
of cell, found in the bone marrow of patients suffering from lupus erythematosus. 
Many publications have since appeared on these so-called L. E. cells, and thus 
the clinical picture of lupus erythematosus has become a matter of general in- 
terest. As early as 1872, Kaposi distinguished two types: 

(1) The discoid type, characterized by a chronic benign course, mainly oc- 
curring at an advanced age and confined to cutaneous changes. . , 

(2) The disseminated type, with an acute feverish course or chronic recurrence; 
often with a fatal issue, usually occurring in the younger age groups, with a 
predilection for women. As regards diagnosis, treatment and prognosis the best 
thing one can do is to keep these two forms apart, although the chronic discoid 
form may change into the disseminated type. 

Table I shows the variety of the clinical picture of generalised lupus erythema- 
tosus in 8 patients observed over the last two years. Ages of the patients were; 
35, 50, 55, 56, 57, 67, 63 and 68 years, 6 were women and 2 men. 


Table 1. 

Generalised lupus erythematosus. 


Fever 7 

Arthritis 8 

Albuminuria 7 

Elevat. sod. rate 8 

Anemia 8 

Loss of -vvoight 6 

Leukopenia 4 


Lymphadonopathy 3 

Cutaneous features 4 

Mucosal symptoms 1 

Pori-(Myo-)carditis 2 

Pleurisy 5 

Psychic disturbances 2 


It is an highly variable picture, and the diagnosis may be difficult to establish. 
In 1948 characteristic cells in blood and bone marrow were found by means of 

a fairly simple technique. This method soon proved to be an important aid to 
diagnosis. 
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Hargraves and his coliaborators described in • • t \ 
patients lYith disseminated lupus erj-thcmatosiis a inrt"'^r 

shon-ed that this inclusion body consisted also of nuclear material. This nuclear 
material was evidently largely dissolved, so that it stained red instead of violet- 
red. bometimes two polymorphonuclear Icucocj-tes were observed, which were 
trymg to phagocytize a rose-coloured homogenous nuclear mass (fig. iy tin'? 
was especially clearly visible in the phase-contrast microscope. Between the cells 
there were always swollen nuclei, forming e.vactly the same homogeneous .strue- 
tureless mass as the phagocytized material (Fig. D). When dealing with the.=e 
extracellular masses often surrounded by leucoc}'tes or nionocidcs, wc sometiine.< 
speak of the L. E. phenomenon, 

Hargraves et al. further described a second cell, also characterized by a second 
nucleus in the protoplasm. They were usually so-called reticulum celh, hut some- 
times also polymorphonuclear leucocytes. Tliis second nucleus, which might he 
phagocjdrized or which might have lieen formed in the cell itself by nuclear 
division, still showed the chromatin structure. These so-called »tart cells" were 
found in the hone marrow of patients with all kinds of diseases and wore not 
specific for these diseases. 

Hargraves always emphasized the importance of tlie plicnomenon of ly.sis, 
i. e. the loss of the nuclear structure, for the formation of the L. E. celts. First 
lysis occurred and later phagocytosis. Although some investigators assume that 
the phagocytized nuclear material originates from lymphocjdcs, others oh-'crvod 
that the nuclei of polymorphonuclear leucocytes swelled and were subsequently 
pbagocytized, I personally observed the latter. This phenomenon i.s therefore 
quite different from the phagocytosis of a more or less intact cell or coll nucleus, 
in which pyknosis of the nuclear material is often observed. It is also different 
from the degeneration of older cells, in which the formation of conglomorntions 
is observed in the smear, with a thready chromatin structure. One should nl-o 
not confuse the L. E. cells with the so-called bare nuclei in the smenT.s. In the 
L. E. phenomenon a homogeneous mass without nuclear structure is observed, 
stainum by the Jlay— Grunwald-Gicmsa method, and situated intrn- or extra- 
cellularlv. It was soon apparent that the L. E. cells could also be demonstr.ite< 
in venous blood from cases of generalized lupus erythematosus, when the blood 
— after having been made incoagulable — was centrifuged am smears w er 
made of the leucocyte layer. Since that time a multitude of publications on L. iw 

cells have appeared. * ,ik. 

Haserick found that the gamma globulin of the plasma of patients 
seminated L. E. contains a factor with an antigenic nature, which 
phenomenon. When plasma of these patients is added to iionna lon ' 
or leucocytes, L. E. cells develop. The problem as to 
menon is specific for disseminated lupus crythcinnto.siis, of co i s- 
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importance. It appears to be not quite specific. It lias occasionally been described 
in diseases sucb as leukemia and myelomatosis. Another finding of Hasenck 
was that addition of certain fungi to plasma may give rise to the L. E. plasma 
factor. Inderbitzin observed, in blood of normal people made incoagulable with 
hquoid (Roche), increased phagocytosis of nuclear material after centrifugation, 
by which the leucocytes could assume a marked resemblance to L. E. cells. In 
the beginning of 1953 Walsh and Zimmerman also Inderbitzin reported on the 
formation of the L. E. cells in the bone marrow of three patients with severe 
hypersensitivity reactions after administration of penicillin. 

We observed lysis of nuclear material and attempts at phagocytosis of the 
material in a patient with a generalized scleroderma (Rigs. 6, 7). 

We must still be careful in drawing conclusions. It is possible that there was 
a concurrent disseminated lupus erythematosus in a number of these patients. 
The question arises as to whether the cellular changes found had indeed the 
typical L. E. structure. In recent years the L. E. cell has been looked for in 
numerous diseases, and it has been proved that the formation of L. E. cells in 
vitro may be considered to be almost specific for lupus erythematosus. 

Hargraves discovered these cells because in his laboratory heparinized bone 
marrow was centrifuged and smears made of it as a routine procedure. After 
his discovery it was thought that the anticoagulants were necessary to the produc- 
tion of the cells. It appeared afterwards that L. E. cells were also present in 
definibrated blood (Eppes) and in the blood clot after centrifugation. Could it 
be that mechanical damage to the cells is the cause of the lysis of the cells and 
nuclei with subsequent phagocytosis? 


In my opinion, at present we may imagine the process as follows. Leucocytes 
are sensitized under the influence of the plasma factor, perhaps in the same 
manner as erythrocytes are sensitized in acquired hemolytic anemia. In vivo 
usually nothing happens, but no sooner do the leucocytes enter a suitable milieu 
(in which perhaps a second necessary factor arises), lysis of cells and swelbng 
of cellular nuclei occur, followed by phagocytosis. This might again be compar- 
able to some extent with the increased phagocytosis of sensitized erythrocytes 
in opsonin tests in acquired hemolytic anemia. 


At present Hargraves (P. A. O’Leary) feels that the blood platelets perhaps 
constitute the second factor in the development of the L. E. cells. When blood 
is taken from a patient, there will always be some damage to the platelets and 
material is liberated from these. When we compare various techniques, it strikes 
us that the smallest number of L. E. cells is found when the blood is treated as 
carefully as possible and the smears are also made as quickly as possible. Har- 
graves assrmes that Liberated material from damaged blood platelets might cause 
the formation of the L. E. cells. This is one of the reasons why during the past 
eighteen mouths he has used another technique to find L. E. cells. He first allows 
the blood to coagulate, and then forces the clot through a filter after 1.5-2 
oms, and centrifuges the red liquid. Smears are then made of the cell layer 

method than Teith other ones, vhich mere nsnally based on rendering the Mood 
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incoagulable. We also used this blood coagulation nictlmr) 

with the following results: ° ^ method during the past months 

Table 2. 

Three omihods vsed in demonstrating the L. E. ceJ! phenomenon in ecnou. LM 

3. Blood is allowed to coagolam at room temperature for two hours, the clot i, e.xpms-^l tV.n-^h 
a screen, the bloody liquor is centrifuged for o'; films are made (.Mngath). 


Table 3. 

Authors examination of venous blood for L. E. cells. 

\umbcr of L. K. 
cells per 1,000 poly- 
morph. count in 
O.xal. blood; room 
temp. 

V. B., female 08 yrs 0 

0., female 35 yrs 0 

Tw., female 57 yrs 0 

E., female 57 yrs 0 

K., male 55 yrs 0 

I also compared slides of the bone marrow made incongnlalilc, ns Hargraves 
had done, with preparations of pressed-out blood-clots in tlie .same patients. 
The number of L. E. cells found in the clots of venous blood appeared to he 
much larger. Often the examination of the bone-marrow slides was negative. 
It seems no longer necessary to have a sternal puncture done to look for L. K. cells 
in patients suspected of having disseminated lupus crythemnto.sus. 

The study of the preparations of these pressed-out blood clots is undcniahly 
more difficult than of blood made incoagulable. There arc many defective cells 
and cell clusters and vacuolization in the smears. However, the gain in positive 
cases is so great and the method so simple, that we must accept the drawbacks. 
This method of examining the blood clot after two hours is a great asset for the 
making of a diagnosis. The method is sometimes also negative, however, uhile 
disseminated lupus erythematosus still exists. This is not so very remarkable 
when we realize how varied is the picture of lupus erythematosus. The best 
chance of finding the L. E. phenomenon c.xists during a crisis of this disease. It is 
sometimes necessary to repeat the examination for L. E. cells .so\eral time- in 
patients suspected of this disease, before positive results arc found. 


Number of L. B, 
colh per 1,000 poly- 
morph. count in 
O.rni. blood; 37’ C. 


Niimlier of L. K, 
cell» p<T 1,000 imIt. 
morph, count in 
the fwo-hmir lihwl 
clot. 

1(1 

07 


1 

0 

0 

3 

0 


t 

7.3 

s 


Summnry. 

The importance of the finding of the L. E. cell for the diagnosi.s of disseminated 
lupus erythematosus is discussed. By the author three methods for demonstratmz 
of the L. E. cell were compared. The blood-clot method of venous blood gave, 
the best results and is a great asset for the making of the diagnosi.-. 
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Fig. 2. Cluster of leucocytes; beside the marks are seen typical L, E. cells (peripheral blood). 


VekloOP: Some Observations Concerning the L. E. Phenomenon 





Fip. 4. Bnno marron- Miilc with to tfie Irft a charartrri-ti<t h. K. cell. T» thf ri-lit i- a ).ora..srn«'.«< 
inri®> lyini; in iK'tw'eeri tU'O |w>|yn»Hrnr Irnrncytt"'. 


iiWriL, 



5. Hone ni.nnw sliov.ing partly intra-. partly cxtra-collnlar ntick-ar masses. The L. E. 

phenomenon. 



Fig. G. Bone marrow of a patient with Fig. 7. Bone marrow of a patient with gen- 

gcneralizcd scleroderma. Lysis of nuclear eralizetl scleroderma. A homogeneous nuclear 

material. mass Ij'ing in between two polynuclear leueo- 

cyte.s; the extracellular L. E. phenomenon. 


VerlooP; Some Observations ConcerniDg the L. E. Phenomenon 




Actu JLedica Scaudhiavicn. Tol. CXLAIII, lasc. Ill, 1051. 

From Medical Department B of the Eikshospital, Oslo. (Chief; Professor H. A. 

Salvesen, M. D.) 


Piiluioiiavy Fibrosis. 

By 

OLE JACOB BROCH, TORJXJS MOE and MARGRETHE WEHN. 
(Submitted for publication September 12, 1953.) 


Patients "witli extensive bilateral pulmonary infiltrations of unknown character 
are frequently seen in medical departments and private practice. Pulmonary fi- 
brosis is usually diagnosed, and even after years of observation the etiology will 
be obscure. lu order, if possible, to gain a clearer concept of the pathogenesis, 
etiology and prognosis of these cases, we have collected those of them which were 
treated in this Department in the period 1940 — 1950. 

Pulmonary fibrosis is the outcome of a pathological process which accompanies 
many diseases of the lungs and which may represent the final stage of some of 
them. The parenchyma is converted to connective tissue to a greater or less extent. 

Spain (32) has examined post mortem 100 cases of cor pulmonale. He maintains 
that the fibrosis of the lungs develops first in the walls of the bronchi, and that 
the resulting emphysema induces vascular changes with pnlmonary hypertension 
and cor pulmonale. 

Any infection, chemical or mechanical irritants, and also radiological lesions 
may give rise to inflammatory processes resulting in a diffuse pulmonary fibrosis. 
There are also certain general systemic diseases which are occasionally combined 
with pulmonary fibrosis. In several of these the etiology remains obscure. 

A bronchopneumonia provoked by ordinary microbes will occasionally lead to 
fibrosis. It has been maintained that the new antibiotics will be responsible for 
more frequent pulmonary fibrosis because bronchopneumonia is cured more fre- 
quently than it was before (7). Pneumococcal pneumonia seldom gives rise to 
fibrosis. Certain viri, the virus of influenza in particular, attack the interstitial 
tissue of the lungs and provoke fibrosis. In influenzal bronchopneumonia of only 
9 to 10 days duration there may already be a definite fibroblast reaction in the 
lungs, forming the starting point of a pulmonary fibrosis (3). We can now hardly 
doubt that extensive pulmonary lesions, with development of extensive inter- 
stitial pulmonary fibrosis, may foUow virus infections with no other cause. 
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In some cases fungus infections give rise to extensive pulmonarv leuon. fv ■ 
dmidomycosis ,s apt to be followed by permanent charts in th'o " .I 
bronchjcct»s,s „„d mrcsh (42). of l!.e l.V, c,™ „„„Me i’! 

my other a.ee.eso of the long,. There is nothing eh.recleristie ,l,e rLii-i 
cal picture it presents (12). Geotricliosis can provoke a miliary infiltration of tl.e 
lungs and present great diagnostic difficulties in respect of pulmonary fibrosi-; of 
unknown origin. Sundgaard and his associates (30) mention 4 cases of gcotriclm-i^ 
u-ith miliary opacities. Eeiersol (26) discusses tlie so-called diemp disea.^e^ or 
»mokkas]'uken», as it has been called for many years in l?onvav. It occurs auioti" 
workers on hemp, jute and linen, and it is due to an allergic reaction which obvf- 
oiisly depends on both dust and fungi acting as antigens. A .similar di.^ea.se is di--- 
cussed by Felson and his associates (G) in 12 renovators. The pos.dbility of virus 
infection has been entertained. The ultimate effect of these diseases of' the 
is apt to be a permanent pulmonary fibrosis (Editorial foot note to the Yearbook 
of Medicine 1951, page 251). 

The fibrosis following dust inhalation of a scries of foreign bodies such as silica 
and asbestos is well known. 

Several irritating gases and vapour from metals liave gradually been found to 
be capable of provoking acute changes in the lungs, chcmica! pncumoniti.s and, in 
a certain number of cases, particularly in connection with beryllium, chronic 
diseases of the lungs. After several years’ exposure to it, herylliuin provokes ])ul- 
monary fibrosis with miliary or larger infiltrntious of the lungs, liilinlation of 
cadmium gas over a long period seems to be capable of provoking chronic changes 
in the lungs, emphysema in particular. The so-called hard metals can give rise to 
chronic changes in the lungs resembling sarcoidosis from the radiological point 
of view (31). Sjoberg (31) maintains that the term »pnoiimocomosis<> .should also 
include these cases of gas irritation of the lungs. 

Radiological treatment may give rise to fibrous pulmonnr}' changes. 

Malignant tumors, both primary and metastatic, may bo associated with fibro.d.’:. 
ibnong others, Peabody jr. & al. (23) have described 3 cases of carcinoma metas- 
tases with varying degrees of fibroblastic proliferation. In the case of fahcol cell 
turnon) simultaneous and considerable fibrosis and tbickening of intcrah tolar 
septa are described (14). 

>Sevcral systemic diseases may occasionally be associated with pnlmoimr} 
fibrosis — sarcoidosis Boeck, tubcrosclerosis, lymphogranulomato.ds and the so- 
called diffuse vascular or collagen diseases such as sclerodernua, dermatomyo-ifi-, 
and lupus ervthematodcs disseminatus. Among these systemic di,=pases sar- 
coidosis is evidently paramount. The literature on the subject is enormous. Boeck 
sarcoidosis is definitely no etiological nosological entity, but rather in 
an allergic reaction in respoii.se to a scries of different hnrmfu . 

never felt entitled to make this diagnosis on the evidence of the lung fin 1 • 

without histological support. The radiogram is by no 
may resemble any form wliatsocver of diffuse 

nia.v also resemble among other things myomatosis wi i ci.- ^ ‘ 

conditions may show tuberculin anergy and changes in the lone.s. i 
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Kveim’s reaction is often not decisive! Nelson (19) regards Kveim’s reaction not 
as specific but as a cutaneous reaction to various antigens in a person suffering 
from sarcoidosis, in otber -words, be takes it to be an isomorphic, foreign-body 

reaction. . . . , 

Lastly, ive would mention some special and little-laiown forms of interstitial 

pulmonary fibrosis. 

Cbronic diffuse myomatosis is characterized by numerous cysts lined by cubic 
or cylindrical epithelium and surrounded by connective tissue and much smooth 
muscle. Such lungs have also been called honeycomb lungs. The cysts develop as 
the result of the bronchial obstruction -which is due to the progressive fibrosis 
followed by emphysema. Cyst-like clarifications can often be found in bones of 
the fingers. The appearance of a lung roentgenogram is characteristic, with net- 
shaped, fine stripes surrounding clarifications ranging in size from a pin’s head 
to a pea. The resemblances to miliary tuberculosis, sarcoidosis Boeck, silicosis and 
carcinomatosis in patients suffering from tuberosclerosis have been described 
among others by dc Fine Licht (15) and Samuelsen (29). Oswald and Parkinson 
(21) have studied 16 patients with thin-walled cysts in the lungs. Six patients be- 
tween the ages of 7 — 24 years presented honej’-comb lungs combined with spon- 
taneous pneumothorax — a complication said to be relatively common. Von 
Stoessel (39) regarded the disease as a muscular cirrhosis)), maintaining that it 
was due to an interstitial inflammation with degeneration of the lung parenchyma. 

A number of cases of interstitial pulmonary fibrosis with cystic changes have 
also been discussed in association with the so-called collagenic diseases. Pul- 
monary fibrosis in cases of scleroderma has been reported by several authors (2, 
4, 33). Church & EUis (2) have recorded 2 cases of scleroderma with cystic changes 
in the lungs as in honeycomb lungs. Sundin & Tomenius (37) have described a case 
of marked pulmonary fibrosis combined with scleroderma in the sldn. 

In 1944 Hamman & Rich (11) recorded 4 cases of a curious condition with pro- 
gressive, diffuse fibrosis in the walls of the alveoli. They called this condition acute 
interstitial fibrosis. These authors entertained the possibility that this might be 
a virus infection. Up to 1948 a total of 6 cases of this disease had been described 
(23, 24). 

Interstitial pneumonitis with deposits of cholesterol is described by Waddell and 
his associates (40). In the most advanced stages fairly marked fibrosis was found, 
with golden-yellow areas showing a high cholesterol content. Robins and his as- 
sociates (27) have recorded 11 cases of chronic pneumonitis of the cholesterol type 
in which the lungs were intensely yellow in the early stages and presented in the 
later stages extensive interstitial pneumonitis. Parkinson (22) has recorded a case 
of honeycomb lungs with an eosinophil xanthomatous granuloma in the femur. 
Pulmonary fibrosis and cyst formation may be the only manifestations of this 
disease in its chronic form. 

Rheumatic pneumonitis was described by Gouley in 1938 (9 a~9 b). He as- 
sumes that the changes in the lungs, which eventuate in an interstitial fibrosis, 
are due m the main to a relapsing rheumatic infection and, to a lesser degree, to 
the congestion caused by the. mitral stenosis. The congestion promotes indeed, the 
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interstitial fibrosis, but is in Iiis opinion of socomlarv imnoi-ln>,r.o f> i 
the term ustiffeiied honeycomb, to these lungs shon-ing marklrim^Sil/T^ 

( 8). fceldm and bis associates (30) have recorded G fatal cases of riiemuatic r.-i, -' 
monitis. It IS difficult to decide to vlint extent rbciimatic piieuniouitis 
to a chronic pulmonary fibrosis, and ivliether it is possible to distinguid fl 
the chronic congestion of the lung (21). ' 

The symptoms of pulmonary fibrosis vary with the degree oftlieiuotlmh.Toc 
esses and the location of the disease in the lungs. It is not rare for the cxti'n-iw 
mihary and patchy opacities in both lungs to be discovered ineidentaliv in the 
course of routine screening. The physical findings arc, ns a rule, modest. The symp- 
toms are more influenced by the localization of the piilnionnry fibrosis than hy 
its degree (32). The localization of the pulmonary fibrosis in the interstitial tisuie, 
particularly around the bronchi, gives rise to slight symptoms, any intra-nivcolnr 
fibrosis provoking functional disturbances which depend directly on the rpiantity 
of pulmonary tissue involved. Wright and Filley (13) say that pulmonary filirod’s 
is a comparatively benign process when there i.s no complicating diffii.^c oinpliy- 
sema. As a rule, these symptoms progress gradually during several yenr.s considitig 
of cough and dyspnea which increase vlicu emphysema sets in. With signs of fully 
developed cor pulmonale, the disease is apt to progress rapidly and to end in dcnlli 
after a comparatively short interval. 

Pulmonary fibrosis is capable of influencing tlic functions of respiration aii'l 
circulation in many ways. Reduction of ventilation in certain jmrts can be com- 
pensated by hyperventilation in other parts. Lindskog (1C) .says that in case.s of 
direct bronchial obstruction there develops an indirect peripheral juilrnonary ven- 
tilation from those parts of the lung where the alveoli are ventilated over to the 
parts deprived of their air supply (collateral respiration). It is also possible for btoed 
to be shunted from diseased to hypcrvontilntcd areas. Gray and his associate, s (10) 
have shown by catheterization of the heart that there is a collateral rircuintion 
between the bronchial and the pulmonary arteries. 

The arterial oxygen saturation is reduced w))Dn pulmonary fibrosis is more ex- 
tensive and when the lungs arc emphysematous. Several observers (1, 25 ami IW) 
have shown that o.xygcn saturation is reduced by pulmonary fiijrosis and emphy- 
sema. Work effects a further reduction of this saturation. Sfor.stein (31) has in- 
vestigated the effect of inspiring pure oxygen on the circnlatiou in various forms 
of anoxia. The anoxia of diseases of the heart and lungs should be dealt witli be- 
fore irreversible changes in the blood vessels set in. However, in eases of sex in 
pulmonarv insufficiency the administration of pure’ o.xygcn may prove harm u . 
Since the anoxia acts as a stimuius to the rc.spiratory centre.s nml since 
ulus is removed by a supply of oxygen the patient suffers rom OJ’'*' ‘ ‘ 

with a consequent further increase of the carbonic acid tension. II ilson ami nn 
associates (II) have found tlint in cases of severe cmphy.iema there is 
able increase in the carbonic acid content of arterial blood after the 
tion of oxvgen. The most rational treatment of tlie.«c cases would be to ion 
a supplv of oxvgen with artificial respiration. 
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Oini Investigations. 

Our material consists of 54 cases of clirouic pulmonary fibrosis of uulmown 
oriein seen in tbe 10-year period 1940-1950. To these may be added 23 cases 
in u^hich sarcoidosis Boeck rvas diagnosed. The bilateral pulmonary changes m 
this disease cannot be radiologically distinguished from those of the other diseases. 
There were, however, 15 cases with simultaneous bilateral hilus adenitis. In all 
these cases the diagnosis was verified histologically by biopsy of a gland of the 
conjunctiva or of the skin. Of course it is conceivable that sarcoidosis may effect 
changes only in the lungs and in such cases a certain diagnosis is impossible with- 
out a lung biopsy. _ . . „ 

AU our patients were subjected to numerous bacteriological examinations of 

sputum with tubercle bacillus culture. 

The age distribution of our cases was as follows; 

Jlea Women 

Under 20 years • 1 0 

20—30 » 2 4 

30 — 40 » 4 6 

40 — oO r 0 5 

50—60 i> 7 9 

Over 60 » _7 4 

27 27 

A boy, born in 1932 who suffered from pneumonia with empyema when 4 years old. 
Since then he had suffered from cough and expectoration with progressive dyspnea. In 
1941 bilateral pulmonary infiltration with clarifications was discovered. He had clubbed 
fingers, and he suffered constantly from bouts of fever, gradually becoming quite unfit 
for work. The radiological condition was approximately unchanged in 1947. 

There can be no doubt that this was an ordinary case of bronchiectasis following 
pulmonary infiltration in childhood with considerable, bilateral fibrous changes 
in the lungs at the same time. 

In 8 cases the patients stated that their illness had begun acutely with fever and 
symptoms suggestive of pneumonia or bronchopneumonia. In one case the onset 
of the disease was rather acute with pain in the chest and joints and a very high 
E. S. B. It is therefore possible that the disease in these cases had developed as a 
sequel to an acute infection of the lungs. Ti'e cannot however dismiss the pos- 
sibility that the pulmonary fibrosis had developed before and independently of 
the acute infection which had merely drawn attention to this condition, the pa- 
tient being inclined naturally enough to put the blame for his ills on the acute 
disease. These cases, supposed to have shown an acute onset did not differ in any 
way from the others in their clinical behavionr. 

In altogether 19 cases there was a record of a previous attack of some pul- 
monary disease which may have been pneumonia. But in most of these cases this 

lappened many years before the onset of the sj^mptoms. In two cases there was a 
history of pleurisy. 
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The bactenobg,cal e.vaminations of the sputum showed the otdiu.tv ftn.. ) 
19 cases ^een hemoljd.c streptococci ^vere found several times -V podtL e - m ’ 
ous xeactmn to hemolytic streptococci was found i„ one of (1,; five pnthn 
exaramed. In o cases various species of fungus were found without a!n- etiohv, I'i 
si^ificance being attached to them. There was however, one case in which fumai. 
infection deserves discussion: mn-a. 

A woman born in 1921 caught a cold in August 1919. In September injo 
gram showed scattered bilateral miliary opacitic.s. Mantou.v and Kveim neuaiVe. 
streptohsin titer 110. Hcmotytic streptococci and homophiius influence in the htmtum 
>.0 tubercle bacilli. E. S. R. constantly somewhat inised. Progress of the (Vne.^iin I).’ 
cember 1950. A scries of sputum tests showed Candida nlhic.ins and from tinw to tinv> 
other species of fungus. A complement fixation test with an antigen jireparcd from a 
fungus proved negative. She was treated witli potassium iodine which mav perl.ap. hav,- 
done some good, but it had to be discontinued because of side effects. ' 


Tuberculin tests, frequently repeated, even with Mantoux 1 mg, were com- 
pletely negative in 29 cases. This may be taken to show that our material may 
perhaps contain a certain number of cases of sarcoidosis in which the tuberculin 
reaction is more frequently negative than in a corrospoudiug normal material. 
In one case, in which there avetc no other signs of .sarcoidosis, Kveiin’s reaction 
was faintly positive. There was just one case which might he somewhat suspicious; 

A woman, aged 45, gave a liistorj' of parotitis and iridocyclitis in January 193'^. Somo 
months later bilateral hilus opacities and miliary opcitics in both lungs. Con.-idembie 
progress of the disease, w-itli fibrosis extending from both hili, was ob«eived in 1915. 
Since then other localizations of the disease have never been fomul, and Kveim’.s re.iction 
was negative. She died in her home in 1948 of her pulmonary disease, jircsumnbly of cor 
pulmonale. 


In only one of our cases was the pulmonary fibrosis combined with any general 
systemic disease. There was one case which was probably one of periarteritis 
nodosa: 


A carpenter, aged 49, caught a cold in the Christmas of 19.38. »llronchoi>neummm. 
was discovered subsequently. In 1939 parenchyma opacities and some eniargctiieut o, 
the heart were observed. Cough with expectoration of siiiall blob.s. 
globin 105 %. Erythrocytes o.oa iniilions/cmni. E. S. U. HO nmi. houmphiN > 

An uncharacteristic rash. Difficulty in eating and extensive, flaeci.l ]>are.-es dim to i.ol\ . 
neuritis. Proteinuria. A radiological examination .showed extensive, striped opacities in 
both hin<^s. No record of treatment with suIphonaini(ic.<--. Ho died on .Atigu-t l- . 
and a post-mortem examination showed chronic myositis, broiirhopneumoma wi i e c 
gestion, and fatty degeneration of the liver, spleen and kidneys. 


In the following two cases. Dlioiicycomb lungsi were found; 

(1) A housewife, born in 1901, had suffered from 5'’?, 

Some drv cough and scanty expectoration. Small j- fj{ .inre 

eal exammatiou in 1915 showed bilateral, finely spotted infiltration. J; ” , - ,, 

1915 and several stay.s in hospital. In f ' 

suffered from considerable dyspnea without any definite ey over hor.'i 

tion scantv. Clubbed fingers. Blood pressure PJO/fco. Sonm „ j- Vo tuh-rr’e 

lum’s Vital capacitv 1 ,000. Mnntoux positive and Kveim s reaction neg. ti . - 
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Ijncilli. even after gastric lavage. Hemoglobin 9T %. Erj-tlrrocytcs o.is millions/cmm. 
A radiological e.vamination showed symmetrical, extensive, massive, bilateral pulmonary 
infiltrations with numerous clarifications of the size of a pea. These changes seemed to bo 
mainly interstitial in localization, with honeycomb structure. She died in the Opland 
County Hospital of asphyxia with signs of shock. Myofibrosis with the formation of cysts 
in the lungs was discovered post-mortem. The case is recorded in full by Jens Hoel (M). 

(•2) An engineer, born in 1921, fell ill suddenly in January 19-19 with stitch in the right 
side of his chest and high fever. Pneumonia was diagnosed and some sulphonamide treat- 
ment was given, but he did not recover completel)'. A relapse a month later again called 
for sulphonamide treatment. He was admitted to Vestfold County Hospital, and was 
subsequently treated in the Medical Department B of the Rikshospital on three occasions. 
Since JIarch 1919 a dry cough with occasional scanty expectoration and increasing dysp- 
nea. Cyanosis and cor pulmonale with liver congestion set in gradually, and hyjjertrojdiy 
of the right ventricle was observed on electrocardiographic examination. Roentgenograms 
showed increasing fibrosis, presenting a picture identical with that of myomatosis with 
numerous small cystic clarifications. Normal findings on bronchoscopy. No tumor cells, 
and repeated tests for tubercle bacilli negative. Mantoux (3 mg) negative. Hemolytic 
streptococci found repeatedly in the sputum, but a cutaneous reaction to hemolytic 
streptococci was negative. Cold agglutination negative. Vital capacity falling; — 3,000— 
1,800 ml. iVrtcrial oxygen saturation: 87 — 78 %. Circulation time; ether 7 seconds, 
decholin 28 seconds. Venous pressure: 21..'! cm. During liis stays in hospital he was a 
febrile except for a few jumps to 39°. Blood cultures negative. Now and then transitory 
acrocyanosis of his limbs thought to be due to vascular spasm. Cortisone had no effect, 
but transitory and moderate subjective improvement followed ACTH. He died in his 
home August 1951. 


Sjiiiptoinatology. 

In 10 cases the disease was discovered accidentally by an radiological examina- 
tion (screening). The interval between the first appearance of symptoms (as a 
rule dyspnea on exertion) and diagnosis was: 


Sj-mptom-free 10 cases 

0— I year 19 » 

1 — 3 years g „ 

3 — 5 * 5 » 

5—10 » 5 ( 

over 10 i 0 I, 


The observation period was: 


Less than 1 year 

1 — 2 years. . . 

2— 3 » . . . 

3 — ■ o & , . . 

5—10 » . . . 

over 10 » . . . 


21 cases 
10 » 

6 » 

9 » 

7 » 


All oWn-ation period of less tlian one year may perhaps not be long enough 

M,-e“ l '^0 i-d for 

behemng that the disease had lasted for a longer time 

hoJpLh ''' “““ *° in 
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Cougt was the most common S3'mptom; 

Xo congh in 

Slight cough in / 

Jtodcrate cough in ,! ’ cxj^ctcr^.U r, , , 

Con5idcraMe cough m...’,.' i, ‘ Mp'-cUrtitH, . ^ , 

* — * Profuse exp-'c'oratiou > H , 

It is natural to suppose that the patients with periodic attach, of „rnr„- 
pectoration suffered from secondary bronchiectasis, ^•ine patients L/on.'o- 

*0 toneweii, '""“f 


Dyspnea. 


n c.vc. 

Slight dyspnea on cjrcrdon in IS t 

Incap<acity for great exertion in U , 

Total invalidhm in , 


Two patients were slightly and 12 were very cyanosed. Eight patients sliowcd 
increased hemoglobin figures, — men with over 120 % of hcmoglohin (HaWar.c), 
and avomen with more than 1 15 %. Clubbed fingers occurred in 13 cases, and th' 
E. S. E. was raised in verv many cases, being under IG mm only in 1C eases. 

The invalidism was first and foremost due to the pulmonary insufficiency vitii 
a gradually increasing failure of the right ventricle and cor pulmonale. Mo-t of 
the cases svcrc not subjected to a special radiological e.vainination with relerctief 
to the size of the right ventricle. Eight patients presented quite advanced heart 
failure with edema, congestion and considcrahle enlargement of the right ven- 
tricle and the picture of cor pulmonale in an advanced stage. Puhnonnry hyper- 
tension would assuredly have been found in most of our cases. Among all ('ur 
patients there were 17 with partial, and 19 with coinjdetc incapacity for work. 
In other words, two-thirds of our patients averc invalids. 


Endiological CJinnges. 


The appearance of these changes mav' vary greatly in both form and e.tteat. 
The most common were striped and spotty opacities starting from the hilu*- and 
presenting confluent areas to some extent. Eight patients presented parch inilmr. 
changes reminiscent of miliary tuberculosis. The tv'pical honmnmh srrurtar*- 


was observed in 2 cases. 

In 9 cases the hilus glands on both sides avere savollcn in addition to clianr- 
in the parenchyma, and' in 1-1 cases there averc pleura! rc.ac|ions of difi.rcrst de- 
grees. Half of these patients h.ad no knoavlcdge of a previous illnes= affectum hu:'--' 
or pleurae. Areas of calcification were observed in G cases. In ]•> c-isc.^ t K r<- a^ r 
radiological signs of broncliiectases avhich in 5 cases aras a’crificd b,< monc , ' 

— a method of c.xamination usually omitted because it aans foiira to le oi u- 


diagnostic importance. 
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Wc have assessed tlie extent of tlic radiological changes using 4 grades. Grade 1 
means slight parenchyma opacities, and grade 4 the worst cases with most of the 
lung tissue on both sides showing pathological changes. Thus classified, our ma- 
terial comes to be grouped thus: 

Oraao 1 10 cases 

f 2 10 » 

K 3 2C 5 

i> 4 2 » 

The clinical manifestations show a certain conformity with the extent of the 
radiological changes, but in many cases there is a surprising lack of correlation 
between the two. Two patients included in grade 3 presented no or only quite 
insignificant subjective symptoms and lacked other objective findings. There was 
one patient of the miliary type who was discovered by chance by radiological 
screening. Four patients with extensive radiological changes (grade 3) were per- 
fectly fit for hea^’J■ work, one of them being a farmer. On the other hand, many 
patients suffering from considerable dyspnea on exertion presented slight radio- 
logical findings. Among the 10 patients belonging to grade 1 there were as many 
as 5 who were completeh’ or partially unfit for work. One of them died at home 
witli symptoms indicative of cor pulmonale. In conformity with other observers 
wc must therefore insist that the decisive factors are the emphysema and vascular 
changes about whose importance it is not easy to form an estimate on the radio- 
logical evidence. 

The extent of the disease likewise did not clearly depend on duration of the 
symptoms, and in every grade there was approximate!}’’ the same number of pa- 
tients with a short or long record of ilhiess. The tendency of the disease to progvess 
must therefore vary very greatly. The same striking discrepancy is to bo found 
when the functional efficiency of the lungs is assessed by their vital capacity. 
In 4 cases the vital capacity was 1,000 ml or less, two of the patients belonging 
to grade 2, and two to grade 3. The two patients in grade 4 had a vital capacity 
between 1,000 ml and 1,500 ml. Among 15 patients (grade 3 and grade 4) there 
were 10 with a mtal capacity under 1,500 ml, and there were none with a vital 
capacity over 3,000 ml. 


Electrocardiograpluc CMiaiiges. 

2 electrocardiograms showed right bundle-branch block. 

^ » hypertrophy of tim right ventricle. 

2 I* s flattened T-\vaves. 

2 0 i> prolonged P.-Q conduction time. 

» D normal conditions. 

Among the 59 patients with normal electrocardiograms there were 4 with right 
axis deviation, 8 with left axis deviation, and 3 u-ith sinus tachycardia. Only one 
electrocardiogram ^showed the so-called P-pulmonale with pointed P-wave in the 
11. and III. lead None showed P-mitrale. It is generally agreed that these auricular 
changes revealed m an electrocardiogram are very rare. Changes in the ventricular 
complex are also rare as shown by our material. 

15~3'i00G3. Ada mcd. Scandinav. Vol.CXLYllI. 
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mob axd MAJ’.or.jmiK irErn,’. 


ClinicaJ Course. 

Prolonged observation is nocessarj- to decide wbetber the dtcea.. i. - 
or progressive and also to gauge its influence on the inn.^< and cirrijl nir,. 

he patents have been n^tten to and requested to send .i 
^ome ha^e been readmitted to hospital for ic-examinatinn. We have he, ,, 
to trace ] patientsMVhen patients have died away from hosj.iial, ae l,av,- oh- 
tamed information about them from their relations or doctor. Alto'-ctlar -’o 
our patients died, one from some unknown caii.se and one from .«ome'int..re«m m 
di-sease. Neither of the la.st two pre.sented .subjective lung .symptonw. All th.' oth. r 
18 patients died with signs of progrc.ssive cardiac and pulmonary inMiffiti'ni v, 
but without, as a rule, progressive radiological changes. In all prob.abiliiy t),.’ 
cause of death in these cases was chronic cor pulmonale. 

At the time of death the patients’ ages were; 

Between 30 nnO 40 yef»r^ in ) en'e. 

• 40 » ."iO fc * 0 

* iiO » 00 » » 7 * 

♦ 00 f 70 t t 0 t 

None of the 23 patients with the diagnosis of Bocck’s sarcoid had died by tl,,* 
beginning of 1951. 

The interval between the onset of symptoms and death was; 

Lo‘-i than I rear in 1 o.ise 
I to g yc.ir-! » 2 ea^ei 
3*4 * * 4 • 

4 I C » » 2 » 

C * 10 . » 2 » 

Over 10 » * 7 ♦ 

In some cases there was a history of illne.ss for more than 20 years, Init v.iih 
rapid deterioration during the la.st two years preceding death. 

It is difficult on the clinical esidcncc to decide which factors dominate tie- 
prognosis. Once signs of cor pulmonale have appeared the progriosi.s is l,ad. Amo;j2 
the 18 who died of cor pulmonale there were 1-1 with radiologic.af cfinnge-- ror- 
responding to grades 3 and 4. Four patients showed ic.ss cstonsive changes vdmh 
in one case corresponded to grade 1. This patient .suffered from ernpli}.*-'^-rna, bi- 
lateral involvement of the pleurae, and typical cor pulmonale on adnih-ion to 
ho.spital. IVe may assume that the emphysema ami vascular ciiaiiges wer^- (h>- 
main factors re.sponsiblc for pulmonary hypertension, and tbe.^e changes arc m-t 
radiologically demonstrable when the parcncliyma i.s involved. 

A post-mortem examination was c.nrried out in 0 ca‘e.'. Myomatosis (Ml 
found in one case. Fibrous changes and broneho-pneumonic legions 
to some extent with bronchiectasis, were found in the otlu-r c.i''-.. n - 
amvioid disca.se and fatty degeneration of the liver, kidney.-; .and .vfdcen v t r- j 
The course of the disease in the 34 sur\’ivors was, as judged by lb'- rr.f u>,o,c.. 
finding.s, as follows: 
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Progrc^^ of tlio (lise.i?c >'■' •» ofo'cs 

Xo cJianpe ’ " 

Rcgrc?-;inn of tlie disc.ase » 3 * 

Xo " ' 

Among the 3 patients showing regression of the disease there were 2 in which 
this inav perliaps have been in doubt as the chest X-rays ere not altogether 
comparable. On the whole, the pulmonary fibrosis which has reached the stage 
of being radiologically demonstrable is a stationary process. The clinical signs of 
progrc.ss of the disease depend on the secondary vascular changes and the increase 
of emphysema. One patient showed remarkable improvement, although the roent- 
genogram taken on the first occasion suggested that the fibrous changes were 
irreversible. 

Subjective improvement was experienced by 2 patients without any radiological 
evidence of regression of the disease. Four patients showed considerable clinical 
deterioration without radiologically demonstrable iwogrcss of the disease. Of 
course the pulmonary hypertension can by itself lead to increasing failure of the 
right heart even when the pulmonary changes are stationary. The emphysema 
clearly may also be progressive. Thus, several of the patients who died showed 
no change in the radiological picture for several years before death occurred. 

Treatment. 

We do not propose to discuss treatment in detail, but would lilic to point out 
that ACTH and cortisoue have also been tried in the present material, sometimes 
in quite large doses, but without any demonstrable effect. The recession of the 
disease reported from several quarters after treatment of this disease with ACTH 
and cortisone may be due to the pulmonary changes having been provoked only 
to a slight degree by irreversible fibrosis. 

Summary. 

From a medical department, 54 cases of bilateral pulmonary fibrosis of un- 
known origin have been collected in the course of 10 years. To these cases 23 are 
added in which Boeck’s sarcoid was diagnosed. The etiology and pathogenesis of 
pulmonary fibrosis are surveyed, and attention is drawn to certain characteristic 
and less well-known forms of disease. The radiological changes may vary very 
greatly mid can give no clue to the etiology. It is also impossible radiologically to 
distinguish between Boeck’s sarcoid and the other forms of chronic, bilateral pul- 
monary infiltration. In about 15 % of the cases, the first symptoms appear as a 
sequel to acute infections of the lungs, and in the history of one-third of these cases 
there is a record of a previous attack of pneumonia or pleurisy which usually, 
however, dates back several years before the first appearance of clinical symptoms! 
In two-thuds of these cases the disease begins insidiouslv, lasting for a long time 
without symptoms. In many cases the diagnosis is made by chance as the result 
01 a routine radiological screening. 

Ill addition to opacities of the parenchyma, changes in the pleurae are to be 
found m fully a quarter of these cases, and signs of bronchiectasis are demonstrable 
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also in about; one-quarter. Sk of our naticnf ? • • , 

and 2 of ticm sl.o«d a ladiolojicallj. danionatohleX"™™!’:,;;*'' 
numctons oysho ckrificattas »r. cl.a,«cl.ri,.ic of 
In many cases the symptoms bear no relationship to the o’ctfnt of r f 
logically clemonstTable changes, ami progress of the disease varies tv vP 
Sooner or later, signs of cor pulmonale appear in most cases. Amoni: our 
here were 19 quite unfit for work and 17 partially .so. .\niong the .gl f:,, 

lowed up there nere 18 who died of cor pulmonale. In about half of tlu-.f r.v, . 
death occurred within 5 }'ears of the appearance of the first svmptoms. The rlhiim] 
symptoms may progress even when the radiological findings are rtationarv! Tb' 
prognosis is determined by the development of the cnqihv.senia and the viiM-ular 
changes. Six of our patients underwent- a post-mortem examiimtion, and in (ui- 
of them diffuse myomatosis with cystic changes was found. 
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Acute Non-Specific Pericarditis. 

study in 24 Cases Including Descriptions of 2 tvitli later Development 

into Constrictive Pericarditis. 

By 

HANS KROOK. 

(Submitted for publication, September 12, 1953.) 


Since the publication of Barnes and Burcliell’s paper in 1942 acute non-specific 
pericarditis (a. u. p.) has received increasing attention as a syndrome fer se, and 
several compilations of the entity have been, presented by such authors as Nathan 
and Dathe (1940), Nay and Boyer (1946), Logue and Wendkos (1948), Evans (1950), 
Levy and Pattersson (1950), Parker and Cooper (1951) and Carmichael et al. (1951). 
Most of these investigators stress the benign character of the disease and the 
difficulty in distinguishing the condition from myocardial infarction. 

Only a fairly few cases have been described in Scandinavia. Engelfeldt (1952) 
in Sweden reported 5 cases. A number of cases have been published in Denmark 
by Bing (1933), Heckscher (1933), Thune Andersen (1948), Aagaard and Jensen 
(1952), Gormsen (1952); most of these cases appeared in association with epidemic 
myalgia. However, the 4 cases described by Andersen (1948) were probably of 
another origin and were classed by him under the heading ‘pericarditis sicca 
juvenilis benigna. It is questionable whether the cases of genuine, acute pericar- 
ditis described in American literature are of the same or related origin as the cases 
described in Denmark. 

The increasing frequency with which a. n. p. has been recognized during the 
last decade may be d\ie to a true increase in the incidence of the condition. On the 
other hand it may be only apparent and explainable h)’’ the increased attention 
given to the syndrome as a clinical entity and its classification as such instead of 
pericarditis secondary to rheumatic fever, for example, or as myocardial infarc- 
tion. As pointed out above, the clinical picture of acute pericarditis closely resem- 
bles that of myocardial infarction, a similarity that has probably not always 
received adequate attention. 
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With this in mind it was thought justified to r),eck a series of e a;,,,. • 

as nnocardial infarction, cspccmUy cases seen in p.-iticnh i.r-hw .f, v. -.r-',/ T- ‘ 
when a. n. p. is most common. ' ‘ “ • 

In order to get an idea of the frequency of a. n. p. in relation to wh-r U ! . . , *• 
pericarditis the records of all cases of pericarditis and those cases of lavimi t 
infarction diagnosed in patients under -Jo veans of age (.'){) and w..,, n't M-.u. - 
general ho.spital during a 10-ycar period were nnalvscd tanh-.l 

the myocardial infarction series revealed that in 3 of the patients, ni--/! 2}, .j 
42, the disease ^should have been classed as a. n. p., and that in nnotlc rca- in i 
patient aged 25 the oh-servations also suggested n, n. p. ns the ino-t tiridi.ild.. 
diagnosis. 

The receiving area of JIalmo genera! liospital lias a population of ahoiit iYmi/oiO 
inhabitants, all of whom arc catered for by this liosjiital only. The proent s- ftt ^ 
which includes all cases of pericarditis in patient.s above 15 years .“ci-n at tl..' 
department of medicine, the department of tuberculosis and the dejiartineut of 
infectious diseases, may tlius he taken ns rcprc.sontative of inhabitants ahuve 13 
years in this receiving area and at the same time provide a fairly relialde nie.Tnire 
of the frequency of the different types of pericarditis jior inhabitant'. 


SB NOr/* 5^tCir>6 »t««&AOOiTiS 

ftMCVMRTiC rtOtC«»OtTti 
CU PVOCtCNtC PCCtCnOOtTti 

cawiTPiCTwc pcptc«»aiYis 
a PCfticqpoiTu or wwttPtPtw c*wU 



I54S *9^1 19^9 


■Pi 

T 0 T U 


Fie, 1. Freciuencv of s-nriou« typos of porioanlitis soon nt cnncral im'pit.il itiinn? t!i>- U* 

' ■ period UU3 — Itl.Sg in patients niMive lr> year' of npe. 

The annual and total frequencies of the various types of pericarditis are .apparent 

from Fio. 1. Tiic .serie.s include.s nil casc.s of pericarditis except those s-en in U'- 
sociatiou with uraemia, mvocardial infarction and tumours involving tiv 
Of these Ci cases of pericarditis, 21 wore diagnosed as a. n. p.. S as rorntnetne, i. 
as rheumatic (in 2 of the.se the condition might have been due to 

mafo.stis di.sseminntii.s), 7 n.s .secondary to acute bacteria iiittiion o i ' 

G as tuberculous and iO of uuclasstfiable t>TC. As is ai.parenl from ih- - . ' 
a.n.p., wltieb occurred only sporadically in the beLdtmmg of ilte ;; 

hardh- 2 per rear, was much more common in lOag, ryhen it nas .‘-l ei, in ,! 
as S patient.s'— an increase that ean hardly he ascribed to cham- 

In the present .series a.n.p. was by far ‘ jih.rto 

and even mncli more common than rheumattc pencnrditi-, ^ ' 
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been regarded as tbe predominant type. This shift in rank must, however, be seen 
in the light of the fall in the frequency of rheumatic fever during the last few 
years. 

Only few statistical analyses of the frequency of the various types of acute 
pericarditis in a representative population are on record. Eecently Beeves (1953) 
published a report on 96 cases of acute pericarditis diagnosed during a 16-year 
period (1935—1950) at a general hospital in New York. He studied the cases with 
special regard to the causative agents and it was noted that rheumatic fever 
accounted for 40.6 %, purulent pericarditis for 19.7 %, tuberculous pericarditis 
7.3 %, benign, non-specific pericarditis 10.4 %, uraemia 11.5 %, neoplasm 2.1 % 
of the 96 cases. 

As the true etiology of a. n. p. is not known, it has also been called acute idio- 
pathic pericarditis. Judging by the variability of the clinical course from one case 
to another, the disease can probably be caused by more than one agent; therefore 
the term acute, non-specific pericarditis must for the time being serve as a collective 
name for those cases of acute pericarditis in which no systemic or local causal 
agent can be demonstrated. 

The most characteristic symptoms forming the basis of the diagnosis were as 
follows. 

The onset, which is usually preceded or accompanied by symptoms of some 
slight infection of the upper respiratory tract, is characterized by the occurrence 
of more or less severe substerual or precordial and often radiating pain, which is 
accentuated by deep respiration, cough or motion, sometimes even by swallowing. 
Common observations in the early stage of the condition are; widespread peri- 
cardial friction rub, fever, leukocytosis and tj’pical electrocardiographic ab- 
normalities such as initial elevation of the S — T segments followed by depression 
or inversion of the T waves in 2 or more leads. Co-existent pneumonia and/or 
pleurisy is not uncommon, and chest ;!;-ray examination often reveals transient 
enlargement of the heart shadow as a sign of pericardial exudate and/or dilatation. 
The condition usually passes off fairly soon, but it has a tendency to recur. 

Clinical oliservations made in 24 cases of acute non specific pericarditis are 
summarised in table 1. 

Age and sex. The ages of the patients ranged from 16 to 64 years (average 
37 years). These figures agree approximately with those in series published by 
other workers in this field. Only 3 of the cases were seen in females. In Barnes and 
Burchell’s series the average age was 42, in Levy and Pattersson’s it was 35 (12— 
43), in Nay and Boyer’s it was 27 (20—37) and in Parker and Cooper’s it was 33 
(19 45). In all of these series males were likewise preponderant. 

Chest -pain. Chest pain, usually substerual or precordial, is the dominating 
symptom and careful investigation of nature of this pain is of great differential- 
diagnostic importance. The site and radiation of the pain is on the whole the same 
as m myocardial infarction. Thus pain radiating to the left shoulder was noted in 
3 of the cases, to the left arm in 3, to both shoulders in 3, to both arms in 3, to the 
right shoulder in 3, to the right arm in 1: in 3 of the cases the pain also radiated 
to the throat and neck and in 2 to the back. The onset of pain is often sudden 
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TflWc 1 . 

Symptom and Signs in 21 Cases oj yon-Specilic Pamrditi.^ 

1. C^C!( pain (Bubsfcmal, preconlial, Jpft thorax) 

Ra<lmtionofpam{toonoorbothfhonldoraaraVaraVnrA^^^^^ r ■' ' ''' 

1 nm intensified on movement, breathing or coughing ,tl 

Recurrent pain ' 

2. EI:y-cltanges ___ ■•••• 11 

^ T elevation (1 in I lead. S in 2 leads and 12 in 3 or more lead*) IS ' 

Tavave inversion (2 in 1 lead, G in 2 leads, 10 in 3 or more lead*) ..V.',’.’ js 

T wave loavering avithoul inversion ' 

R — Q prolongation . • • •• - 

3. Fever 

• 1 . Increased sedimentation rate {> 15 mm/1 hour) S 

d. Ferieardiat friction rub j- . 

C. Preceding upper respirntorv- infection j 5 , e' 

7. Heart enlargement jj , j,- 

8 . Plcuritis (effusion) 11 10 r 

9. Cough 1(1 , (1 r' 

10 . Hyspnoo pi . 41 

11. Rcukocytosis (> 10,000) S.. tij 

12. Pneumonitis rji-Co''', 

13. Initial abdominal pain • 20 r 

14. Headache 2 

15. Jaundice 1 

and although the pain is usually not so severe ns in myocardial infarction, if is 
sometimes accompanied by symptoms of circulatory collapse. Symptoms of 

circulatory disturbances were also seen in a few of our cases. The pain tiol o: 

the Dgrippingi) type described in myocardial infarction, nor is it a('coinj>niiii li by 
a state of anxiety. Of diagnostic importance is wbetluT the ]>ain is ncn jitimtetl 
by deep respiration, cougb and motion, these symptoms being rare in pati'-ntB vii h 
pericarditis secondary' to myocardial infarction. In patients with a. n. ji., tlii* 
accentuation of the pain on deep respiration, cotigli or motion usually apjuai-' 
very soon after the onset of the disease, while in myocardial infarction it do’ * 
not make its appearance until a few days after the on.sct. 

Abdominal pain was reported as the initial symptom by b of the pti/mt*. In •> 
of them the pain was loc.nlised to the epigastrium. As to the other 2 p.atmnK in 
one of them the onset was accompanied by acute pain in flic lower jmrt -d tl.'- 
abdomen; .nppciKliciti.s wa.s a.csumcd and be was admitted to the j -'[(.irtm- n. o- 
surgorv for observation. After .a day or so abdominal pam sub^nlcd. but non 
patient complained of prccordial pain, and jmncardial friction ru ' 

In the otlier patient the onset was accompanied by severe abdominal ]m i 
and diarrhoc.i and within a few hours tyTical prccordial P”’' ' ‘J;;;,;; ,, , , 
bilify of co-cxistent peritoneal serositis as a loiml v.bh 

generalised serositis cannot be cxchided. Pleural after ion m 
ariitp pericarditis is not nncommoii either. 

‘ Tlin-c uf lhc*t- c.TS'ji were jocn in I!'.~3 anil arc th'-o-f iiT no. in.!.. . 1 in ■ 
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A symptom-free interval of a few days to a few weeks is not rarely followed by 
an exacerbation of tbe pain, frequently accompanied by fever and sometimes with 
the return of the precordial friction rub. This was observed, for example, in case 
22, in which 3 such exacerbations were noted. In oux series 8 of the patients ex- 
perienced recurrences of the pain within the first month of the onset usually after 
a remission of a week or so. In 5 of them the exacerbation was accompanied by 
fever. Parker and Cooper reported such recurrences in half of their 22 cases. 

That the disease is also capable of recurring after an interval of months or even 
years, has been observed by many workers in this field, especially by Tomlin, 
Logue and Hurst (1952), who described 8 cases of the disease in which the number 
of recurrences ranged from 2 to 19. In 1 of their cases the patient was a woman, 
aged 27, who had since the age of 8 had altogether 19 seizures of sudden, severe 
substernal or precordial pain accentuated by deep respiration. The longest remission 
was 4: years. Levy and Pattersson (1950) described 4 recurrences in 3 patients, in 
2 of them 8 and 10 years respectively after the initial onset. Hecurrent chest pain 
was also noted in 5 of the present cases: in 1 of them chest pain, electrocardio- 
graphic changes and co-existent pleurisy were noted 4 months after the initial 
seizure, 1 had recurrent substernal pain 6 months after the onset, 1 patient repor- 
ted that he had once chest pain 1 year before the seizure for which he was admitted 
to hospital and 1 had a recurrence 14 months after the onset (he had in the mean- 
time had aseptic benign meningitis, possibly due to the Coxsackie virus). The 
fifth patient had had 8 attacks during the last 10 years, usually with fever; it 
appears, however, that pericarditis was not recognized imtil the last attack in 
1952. On earlier occasions the patient had been treated at various military hospitals 
during World War II. 

In none of the patients who had experienced recurrences could any signs of 
persistent myocardial or pericardial damage be demonstrated. 


Case t2. The patient, a male aged 16, was admitted to hospital on Nov. 16, 1952, 
two days after the onset of pain under the left arcus costarum in association with deep 
respiration or coughing. He reported that he had had a chill, cold in the head and cough 
for about a month. In the beginning the pain was only moderate and he went to school 
as usual on the Nov. 15th, i. e. the day before admission. He did not measure his temperature 
that day. The following day he suddenly felt ranch worse: deep respiration or cough was 
accompauied by severe pain retrosteinally and to the left of the sternum and subsequent 
shortness of breath. He found it painful to lie flat; forward bending in the sitting posture 
gave slight relief. He had a slightly productive cough. 

On admission on Nov. 16. IWien he lay on his back he had severe dyspnoea, which 
subsided when he sat up. He appeared slightly anxious. Temp. 38. r C. The pharyngeal 
mucosa was slightly reddened. Auscultation: distinct, somewhat dull heart sounds without 
iriction rub Heart beat: about llO/min. Blood pressure; 110/70 mm Hg. The abdomen 
telt sott and was not tender. Tbe liver and the spleen were not palpable. 

X-ray examination. On Nov. 16th revealed slight mottling of the base of tbe left 
lung and shght enlargement of the heart. ElectrocardiograpWc studies that day showed 

w^rTp ? following day the patient felt 

^ ^ and listless and had in addition become icteric The heart 
fofoubm was 2.5 mg/100 ml. I7hite count 15,500. There 
were no signs of venous stasis. Temp. 38.5 - 39 C. By the 19tli, f. c. 2 days later the con- 
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(lition be^'aii to dear op; tlio pain had prnrtii'alh- ili‘;apj»<'ar<‘(l, tlif* irt/'nn- had 
now, for tlie first time, distinct prccordial friction riii> was iicar<l; tInV nift iarrc.i'.-d ni 
inteiisity, and diirizif; the ziext few days it wzis heard over the ezitire jitr/onlinin. Oa 
20fii Nov. tlie patient Izepan to receive anreomyein, and X-ray e.vaininalion that d iy 
revealed considerable enhireenient of the heart, tlie left border <if which now altao ’. 
reached the lateral wall of the thorax. A .';mull fiUintt was now abo seen in the h fi -ime. 
The venoii.s j)rc.=.siire wn.s I,'} cm; the temperature had heeun to return to normal and il.e 
patient fdt well. On Jsov, 2}th X-ray e.xamination .showeti that the enlaruemeni of tl.e 
iieart had stibsided (voi. GOO cub, cm/.^rpiuTe metre iiody surface), fn llw ha-e of tl.e !■ ft 
bin}', however, faint mottliii}; of the parenchyma persisted. On Nov. 2*1 eh-rtror .irdio. 
ftrapinc studies showed inversion of tlie T waves in nil leads (1, 11, III, l\ and \ 111. 
A now bout of fever ivith jieaks of 10' C dnrinjr aureomyrin therapy wa* accomjrini' d )<v 
precordial pain radiatinp to the left shoulder and a return of the jien'c.irdial fri' ti'm ra >. 
This rub, wliicli had been ubseut for 2 day.s, now per-isted for a few chiy<», 1 he white cmia. 
was now 21,000, and the X-ray film apiin .showed enlnrjteinent of tlw heart (voi. i tm. 
cm/sfjuare metre body surface). This enluToement jeTsi'-ted until Iter, .i i.c. aft'r i.*- 
patient had been afebrile for 0 <lays. However, .sieiis of [lareiichynial chanC' • in t-^ 
base of the left, 11111 }.' and .sli}.’lit jileural effusion were still seen, d/i He'-. 
e.xperienced a third bout of fever, whieh lasted for a week, ditrinc which p- a _ 

were recorded. Dnrin}.' that week lie .sometiine.s had ehilb and oec.i'-iom'.uy lie i,.< 
jireeordial jiain when he turned in hi.s bed or when Iw breathed dceji, This pnn f-' ^ ^ ‘ 
out into both .shoulder.''. Diiriiif; a day or t-o weak jirerordial friction iuMy" •' 

X-ray e.vnmiiiation on Dee. !!• showed further decrease in the .'ir.- of t,i'' f.'-'- 
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•cc/sq. metre body surface) and regression of the basal parenchymal changes. The electro- 
cardiogram still showed negativity of all T waves. From Dec. 25 to Dec. 29 the tempera- 
ture vms again elevated (39° C) and the white count was increased (17,600), but during 
this time the patient felt well, he had no pain and no precordial friction rub was audible 
The patient was sent home on Jan. 20, 1953, after 3 weeks’ afrebility and absence of 
symptoms, and after X-ray examination on Jan. 16 had shown that the enlargement of 
the heart still demonstrable in the X-ray film taken at the end of December 1952 had com- 
pletely subsided (115 cub. cm/sq. metre body surface). The electrocardiogram traced on 
Jan. 17 showed no changes; all T waves were positive. 

Other laboratory jindings. The sedimentation rate, which was 10 mm on admission, 
increased to 68 mm/hour on Nov. 20, after which it fluctuated between 30 mm/hr. and 
40 mm/hr. until Dec. 27, when it increased to 55 mra/hr. after which it gradually returned 
to normal. The fluctuation in the •white count is apparent from Fig. 2. The venous 
pressures recorded were; 13 cm (Nov. 21); 21 cm (Dec. 5); 11 cm (Dec. 10); 10.5 cm 
(Jan. 15). 

Cold agglutination tests on Nov. 17, Nov. 28 and Dec. were negative. Widal reaction 
on Dec. 31 was negative. Culture of blood drawn on Nov. 17, Dec. 11 and Dec. 12 gave no 
growth. The tuberculin reaction (Mantoux 1 mg) was negative. Studies for the presence 
of C-virus were negative. 

The electroGardiographic changes seen in pericarditis are characteristic and almost 
invariably present and therefore of great diagnostic value. These changes are due 
to a): the pericarditis per se h); the extent of injury to subepicardium and pos- 
sibly to deeper layers of the myocardium and to c): the amount of pericardial 
effusion. It is the subepicardial myocarditis that is believed to be the main cause 
of the electrocardiographic abnormalities; but it is not possible to dra'w a sharp 
line of distinction between the more or less specific pattern of pericarditis and 
that of myocarditis. 

The electrocardiographic changes seen in acute pericarditis have been described 
in detail by Bellet and Me Millan (1938), Vander Veer and Norris (1937 and 1939) 
and by Noth and Barnes (1940). 

The elevation of the S — T segment, often -ndth upwards concavity, is the most 
characteristic change in the early stage of the disease. This change is usually 
seen in all leads, but may occur in leads I and II or II and III or, though rarely, 
in lead I only, with or without elevation of the S — T segments in the precordial 
leads. The S — T changes are sometimes very transient, as in one of the present 
cases, in which they disappeared within a day, though they usually persist for a 
few days to a week. Carmichael et al. (1952) observed no elevation of S — T seg- 
ments after 12 days in their series. In 3 of the present cases S— T elevation per- 
sisted for 3 5 weeks, but in 2 of them no changes in the T waves were seen. The 
elevation of the S— T segments in pericarditis differs from that seen in myocardial 
infarction by its usual appearance in more than 2 of the standard leads, by the 
usual but not invariable presence of its upward concavity, but above all by the 
absence of reciprocal depression of the S— T segments in other leads (I or II) 
usually seen in myocardial infarction. In pericarditis the S-T-changes always 
occur in the same direction, although Barnes and Burchell (1942) have described 
1 case with reciprocal changes. 

The T waves may be abnormally high in the initial stage of the disease, but 
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after about a week they begin to decrease or, wliat is more nqn! ! ~r • 
and .nay ramain for .cvcral days lo aevcal Thi, i, ', 

s«„ t.,vo or .„„ro leads, thonel, in rare rases it V 

sionally only small ehanges of 11, e T .raves arc tecanlei, „,„1 i„ 
a normal T uares are tlie only olectroeardiographic cliauses ceen. ul.iih ir 
ably e.xplained by the frequently very transient nature of the B— T c). vi*: 
by the varjnng interval between the onset of the disease ami the initial ex-ii-.: . 

During recurrences the changes of the S-T segments and of the T wave-- 0 - 0 ,.';. ‘.i':"; 
fluctuate. ' ‘ Da. 




i'. ‘ 


Inversion of the T waves seldom occurs until the S—T segments have r. turre i 
to the iso-electric level, an observation which, necording to Xay ami iViy. r |]i-K) 
is of value in distinguishing pericarditis from myocardial infarction.’ 

T/ie Q leaves. In contrast to myocardial infarction and in nccordiinee with ri ji'Ct'. 
by other workers in this field, the Q waves showed no charaftcriitir clianri d in 
the present series. 

The QRS complex in pericarditis is usually normal. However, in the jm—nn- 
of pericardial effusion the voltage is sometimes low. Barnes and Bnrelie!) (I'd:') 
described such diminished voltage in a case in whicli tlic pericardii i.s was of mor.- 
chronic or subacute type. QRS deformation otherwise suggests more ..severe mvo- 
cardial injury and argues against a. n. p. 

Prolongation of P — Q interval docs not occur in a. n. p., but i.s common in rlnn- 
inatic pericarditis. However, transient prolongation of llic B—Q interval to 0.2t 
was recorded in one of the pro.senfc cases in widcli the clinic.al picture imludf'! 
nothing suggestive of rheumatic fever. The patient was a nmn, aged 40, ^^i1h 
histologically verified (liver biopsy) haemochromatosis but with only slight eliuieal 
manifestations. Acute, non-sjiecific pericarditis in association with haemo'hro- 
matosis has been described before (Pohl 19.o0 and Godfrey lO.ll) and it is pA. 
that the pericarditis and the prolonged conduction time were due to a di'pfidtinn 
of hacmo.siderin in the pericardium and myocardium. 

Cardiac arrhyOnnias were not observed in any of the present I.uf L-vy 

and Pattersson (1950) described 3 cases with auricular fibrillation, rnrk.r ar.d 
Cooper (1951) 1 case Avith pnro.xysmal auricular flutter. Gilley et a!. (195!) ‘J e.v- 
of paro.xysmnl suprncentricular tachycardia, which has also been repor.ci lo 


Wolff (1913). 

According to most reports, the electrocardiographic changes cb-app-vi 
to S weeks after tlic acute phase. This fairly early disappearance of ekH 
graphic abnormalities is one of the most important features di'.tmgmd 
carditis from myocardial infarction. In rare cases, however, tim norm.'!! 
may pensist for montlis or even year.s (Gilley et nl. lO.il, Canniih.te < , 
Godfrev 19.51, Polil 1951). Of those case.s of the present .-eries tliat w.-m^ 
follcwed electrocardiographically, tlie pattern had recovered its nnrnini ap 
within S weeks in all e.xcept 2. In one of these 2 the elmng- were sti.l j 
when the patient was last seen one year after the .att.'ick .im! m tim of vo 
described bclotr) in Avhich constrictive pericarditis developed, th- 'If-- 
gmphic pattern was abnormal for at least 0 months. 


r 
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Although electrocardiographic changes appear to have been regular findings in 
most series on record, cases of clear-cut pericarditis ^vithont associated electro- 
cardiocxraphio abnormalities have been seen. Levy and Pattersson (1950) found 1 
such case in their series of 27 patients; Evans (1950) 1 of his 11 cases and Bellet 
and Me Millan (1938) found no such changes in 12 of 67 cases of acute pericarditis, 
7 of which were of unknown origin. 

In the present series no electrocardiographic changes were seen in 1 case of 
pericarditis in which the clinical symptoms were not prominent either. This case 
and case 22 described above may be regarded as extremes of the long scale of 
variation of the clinical course of a. n. p. 

Case 13. The patient was a woman, aged 24, who was first seen at Malmo general 
hospital on Dec. 12, 1951. She reported that she had 2 days earlier experienced pain in 
the left half of the chest. The pain, which radiated to the left shoulder, then also to the 
back, was accompanied by weakness of the left arm. The symptoms had subsided towards 
evening but returned the following evening. She herself had felt and heard a grating sound 
in the region of the heart; the sound was syncln-onous with the heart beat, but not with 
respiration. The patient consulted her doctor, who recognised pericardial friction rub, 
a finding now confirmed at examination on admission of the patient to hospital. It was 
heard at the level of the fourth rib to the left of the sternum. The friction ruh passed off 
within 12 hours and the patient was then symptom-free. Apart from this rub, physical 
examination revealed no signs of disease; there was no dyspnoea, no cough, the tempera- 
ture was normal, the white count was 4,200, S. E. 9 mm/hr., the ECG-pattern was normal 
and chest X-ray showed no enlargement of the heart or lung changes. The antistreptolysin 
titre was normal. 

Pericardial friction rub. Auscultation must often decide the diagnosis; therefore 
in the absence of such rub the examination should be repeated fairly often. In less 
typical cases the rub is inconstant, it may only be heard now and then and dis- 
appear altogether after a day or so, but it may persist for weeks. The frequency 
with which this rub is heard in a given series therefore varies with the thoroughness 
with which it has been sought. Judging the literature it is audible in about 75 per 
cent of all cases. In the present series friction rub was noted in 70 per cent with 
an average duration of 5 days (range 1—21 days). In 1 of the cases with eight 
recurrences within 10 years, the rub persisted for 21 days. Carmichael et al. (1951) 
reported an average duration of 9 days for their series (60 cases), in w'hich the rub 
persisted for 60 days in 1 of the patients. 

Friction rub is also heard in some 10 to 20 per cent or more of all patients with 
myocardial infarction. Certain differences between the friction rub of pericarditis 
and the friction heard in myocardial infarction are of differential diagnostic value. 
In a. n. p. the friction usually appears soon after the onset of the disease, often 
already on the first day; in myocardial infarction they are not heard until the 
second or third day. The friction is also usually louder and often more constant and 
is heard over a larger area than in myocardial infarction, in which the rub is less 
persistent and frequently localised to a smaller area. 

Fever. More or less pronounced fever is a practically regular initial symptom 
and was recorded in 21 out of the present 24 cases: in 12 of them peaks of 39° C or 
more were registered and in 5 chill were also noted. The fever persisted for 3 to 21 
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tt; --m. i. .hu.!v oO.. i, f, . 

no ni he d,st».ct,on of tbo disease from mvooanlini inf.rr, o^; ‘ 

temperature curve usually shows a vorv charact'oristic sham'" f' !’ " " ' 

not reach a maximum until the second or third dav, s..I()wu' r,-a '"-'0 ! 

then returns hdically to normal within 10 days in unomnplic-at w] ‘ \ n .', . 

turc of tins regular appearance is not typical of acute, nomspcine 

v,mch recurrent bouts of fever /ire not iincorninon. 

Lcul-ociilom (more than 10,000 white blood ells prr cubic milllruetr. ). 
cytosis has been descrilicd as common in jicricarditis (L’ooj)cr ct al OS i,,r 
Levy and Pattors.son SO per cent), but in the jiresent series it u-as muw] j,, 
about one third of the cases. 


/norcaml mhmcnMwn rale {> 15 mm/hr.). The sedimentation rate i. u^iallv 
though not invariably, increased. It Avas noted in all of tlie present ca-.s e.vr . j.; :s! 
The highest values measured varied from In to 102 mm/hr, ami the nverajre v.a« r.r 
most 48 nini/hr. 

X-rnij examination. Rocntgcnographic examination showed enlargem-nt tf 
the heart shadow in 11 of the 22 patients examined. In .several ca«fs, Imwever. tie' 
examination was not performed ns long ns the di.sea.sp was in lid- aenti* .'•tar*, 
ptohahly because of the difficulty in excluding myocardia) infarction. The lu-.u! 
was enlarged in 9 of 12 patients examined roentgcnngrajdiicnlly within 10 daV' of 
the onset. 

Transient enlargement of the heart shadow in the acute stage is fomm'iji. 
Ordinary roentgen examination will usually not permit a decision as to wlu'th' r 
this enlargement is due to dilatation of the heart or to pcriear<iial effinioTi. I.^w 
and Pattensson (1950) avIio found an enlargement of the heart shadow in 20 ef 
20 cases interpreted it as dilatation in 15 of them. Carmiehael ef nl. (lf'5(i), vdio 
found such enlargement in 25 of their 50 cases, attributed it to peric.irdial effu‘i'm 
in 3 and to dilatation in tbe remainder. Other workers in this field Iwle ve pfri- 
cardial effusion to be the commonest cause of enlargement of the heart sliadnv,. 
It is probable that the only way to decide the origin of .such enlaryniumt to 
puncture the pericardium', this was done by Xathanntidllafhe(HMO) ahofotui'i ih-' 
punctate to be haemorrhagic in 4 out of their 8 cases. Porter et nl. (l!‘-d)) found ;> 
sanguinous effusion in ail of their 4 cases. Me Cord and Tajmehi 11951) d.-rrii».l 
1 case with a fatal i.ssiie whicli, according to them was due to the fa' l that tr-at- 
ment with anticoagulants because of nssmncd myocardial infarctioti had im r- .A-d^ 
the bleeding in the pericardium and caused cardiac tautjtonnde. In the hjlit o, 
this observation timy warn again.st the use of anti-coaguiauts in flm manageti:-;e 

of acute, non-.specific ])ericarditis. t .1,. 

If can liardly be advisable to perform juTicardinrctithesis in a. ti. p. un..-> y- 
clinical ])icturc inchulcri definite ^yrnptorn*^ of Csardiac tanipona' ►» a ^ ^ 
bo^vcvc^. otlieru-i?o never been reported in ax*ailabb-. JVrber * 

(1051) .strc.s.scd tbe value of angiocardiography in di'tinj.'tndung <n ... 

heart from pericanlial effusion. They s.ay that r'linh-.'-'' the p.iiu.it .a ■. 
lieart failure, the danger of an!.docardiograjdiy is not gr. atn 



acute KOK-SPECIFIC PEMCAKPITIS. 


211 


The value of kymography is limited because a flabby, dilatated heart can 
convey an impression similar to that of pericardial effusion. 

Roentgen examination often shows not only enlargement of the heart but also 
pneumonitis and/or dry or wet pleurisy. Of our 21 cases dry pleurisy was seen ui 

2 and wet pleurisy in 8. In 7 cases the pleurisy was localised to the left side and in 

3 it was bilateral. Only in 5 cases signs of pneumonitis were observed. 

Aniisireftohjsin titre. Of the 20 cases studied the level was normal in 15 and 

increased (more than 200 U) in 5: 500 U in 2, 425 U in 1, 280 U in 2. In none of 
these cases was further evidence of rheumatic affection: none of the patients had 
joint pain and in none was there any change in conduction time or of the QR8 
complex in the electrocardiogram. 

Differential diagnosis. Cardiac infarction, rheumatic fever, tuberculosis and 
purulent pericarditis as well as non-rheumatic myocarditis must be excluded before 
a diagnosis of a. n. p. can be established. 

Careful investigation will in most cases permit differentiation between acute, 
non-specific pericarditis and myocardial infarction, even though it may sometimes 
not be possible to clear up the diagnosis with certainty. Differentiation is of prognos- 
tic importance in the evaluation of the future working capacity and from a point 
of view of insurance. Moreover, a. u. p. is frequently seen in young persons; 
in these the consequences of an erroneous diagnosis of myocardial infarction are 
obvious. Differentiation is also of therapeutic importance, it being known that 
anti-coagulation therapy is contra-indicated in the management of a. n. p. 

The following observations may be useful in the differentiation of acute, non- 
specific pericarditis from myocardial infarction. 

1. The onset of a. n. p. is often (60 — 80 per cent of all cases) preceded by infec- 
tion of the upper respiratory tract. 

2. Pain or increased pain on deep respiration, coughing and on movement are 
the most regular symptoms in pericarditis. 

3. The character of the friction rub is sometimes of differential-diagnostic value: 
the friction should therefore be regularly followed. 

4. Daily electrocardiographic studies during the acute stage facilitate differ- 
entiation. 

5. The shape of the temperature curve is often helpful in the establishment of 
the diagnosis, 

Rlieiimaho feriGarditis sometimes presents a picture confusingly similar to 
a. n. p. In such cases there are usually other signs of rheumatic fever: affection 
from the joints, from the myo- and endocardium with prolongation of conduction 
time and QRS changes. The course is often more prolonged, the pain is as a rule 
less predominant and the antistreptolysin titre is usually high. 

Tubercidous ‘pericarditis runs a more malignant and protracted course with 
httle or no pain: the pericardium often shows massive effusion and careful search 

wi usually reveal signs of active or earlier tuberculous lesions elsewhere in the 
body. 

Purulent pericarditis, a now uncommon condition, is due to spread of a pyogenic 
infection elsewhere in the body. 
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I<ion-rhcuy)wtic muomrditls sometimes offers tliffercntial-divmr..*;- 
The olcctrocardtograplnc abnormalities usuallv regarded as M.-rifirf 

vn some cases non-rheumat.c myocarditis may be of one and th. • 

as a.n.p. This tj-pe of myocarditis is, however, malienant and unliV-'a i ', Y 
often complicated by cardiac insufficiency. 3Ioreover, non-rbeumap-c- ; /.’Y'' 
tis claims a high mortality (Biorck, Gydoll, Winblad - to be pnhhd.Yu 

The diohqu of a. n. p. i.s unknown. The widely differing ronr.'e nf tb,. 'n, .. 
from one case to another suggests that the condition can be camv'd bv . 

one agent. The theory most widely embraced is the one n«titnitK' viral h-YY!: 
of the pericardium. Culture of material from the pericardium ha^ mv.'r I',.' 
known to give hacterial growth. The fact that the condition is ohm pr-^d.-Hv 
infection of the upper respiratory tract argues for viral infection. Sever,.,! r... 
of pericarditis in connection with viral pneumonia are on rccorii. rink !-'..-:;, 
and Xlainer (1914) described Z cases. In 11 of the juc-ent scrips cold neduti: 
tion tests gave a positive reaction in only 1. 

The clinical picture of the condition contniii.s many traits .‘■ecn in BornLo!:.; 
disease, which is sometimes complicated by pericarditi.s (Bing 19:i", ; 

1933, Dnl.sgi'ird-Xiol.«cn 1933, Angard-.Tcnsen 19r)2). Both di^ease.s arc cliaracicrl ,.! 
by a benign course, tendency to recurrence, and severe abdominal, clu-; .'ii. i 
shoulder pain. Pleuri.sy i.s common in lioth. The abdominal ji.iin may lie atirii - 
iitable to peritoneal .sero.siti.s. IVarbiirg pointed out flint ejiidemic myald.i mi:'!.; 
he ft tj'pe of polyosero.sifis (cit. from Gornisen, 19o2). The Co.>c.<ackie-vinis lia< oft-r. 
been demon.strated in Bornholm disen.so, hut in none of his 3 cases of n. n. p. ( ! 
Friedman (1952) dcnionstrato this virus. One of the most typical canes (no. 22l)!. 
the present series was studied for C- vines which could, liowcver, no; he ‘lem!:. 
The increased frequency of a. n. }). in Malmo in 1952, may have been related t 




relatively liigli frequency of C-virus infections — but not of myalci.a 'pid''!r.:.'.’i 
tyjie — during the latter part of the summer and autumn that year. In th“ |.r. ■ r,‘ 
series however the cases did not seem to he related to any jiarticul.ar ■'•ca'-on .'.f. ! 
therefore permit no conclusions as to the possible relationship between a.i,. p. 
and C-virus infections. 

Treatment of acute, non-,specific pericarditis is .■symptomatic. No sjewific t.i'T,,.., 
is available, altboiigli good results have been olitained with aurcornycin iTar.i..'.. 
liatis and Brams, 1950). It is. of course, difficult to judge the value of trc.um';.; r 
a disease with such a benign cotir.^c. Neither aurcornycin nor any otic r m; lo.'' • 
produced any striking effect in the present .=eries. ... 

Prognosis.' The primary prognosis is good, and Mac Cord ami lagm;.’.- 
rcicrrcd to above is tlie only fatal case on record. , i . ...i. 

As already mentioned, the electrocardiographic change-: are du- at Pa-; n-.r.:.-, 

to the extent of subepicardial myocarditis. The c!erfroe.anliogr.i;>.n''^.af-'^ 

disappear witliin 2 rnontbs, luit if the myocardial affection has invo.'o'. .. 


rest and can ore;t..iori.'i!ly !' ■>'! t'' 


tissues it inav become clinically inanifc 

or even jiennanent myocardial damage. Godfro} (K'oi) 0‘ ’ f* _ 

with clinical and elect roiardiograjdiical .‘•igns of myoc.jnlml 


,!. < 
V'’'-' ■ 
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and 2^/. years respectively after tlie onset and expressed the view that the prognosis 
of this disease should not he regarded as undecidedly good. Pohl (1961) described 
1 case in which the inverted T waves persisted even 8 months after the onset ot 

pericarditis. . . . , 

It has often been discussed whether acute, non-specific pericarditis especially 
of the recurrent type ~ is capable of causing later chronic constrictive pericardi- 
tis. Levy and Pattersson (1950) reviewed 17 cases in patients who had been fol- 
lowed up for 6 months to 16 years (average 2 years) and in no instance did they 
find electrocardiographical or other evidence of persistent myocardial injury, 
Carmichael et al. (1951) reviewed 41 patients, 12 of whom had been followed up 
for more than 10 years. No electrocardiographical changes were observed. In one 
of the patients the X-ray appearance of the heart shadow suggested chronic peri- 
cardial changes. Freilich (1952), however, described a case of recurrent a. n. p. 
with roentgenographical and electrokymographical signs of a fibrous or adhesive 
pericarditis and expressed the view that this represents a precursory stage of con- 
strictive pericarditis. He believes that this complication has never before been 
described. 

In 2 cases^ the onset of acute, and apparently non-specific, pericarditis was fol- 
lowed by the development of a picture of chronic, constrictive pericarditis. Both 
of the patients were operated on 6 months and 20 months respectively after the 
acute onset and with excellent results and microscopic examination of the opera- 
tive specimen showed no signs of specific inflammation. These 2 cases are briefly 
described below. 


G. R, (Born 14. 3. 1912.) A man, aged 40, who had always felt well, was troubled in 
December 1950 by a cough, undue fatigue on exertion and a transient seizure of precordial 
pain, but he was still able to carry on with his work. In January 1951 he had a cold with 
elevation of temperature (38—39° C). After 14 days’ bed rest at home he returned to 
his work. On February 20, ?, e. 1 week after return to work, he suddenly became ill with 
pain across the epigastrium, which was accentuated on deep respiration especially when 
lying flat. He therefore sat up all the first night. The following day the pain shifted up 
towards the ptecordium and to the entire left half of the chest and radiated out to the 
left shoulder. The temperature was then 38 — 39° 0. The patient remained at home for 
3 weeks. The severe pain disappeared after 2 — 3 days, but a mild, diffuse aching across ■ 
the chest persisted. He had a mild, practically non-productive cough. He had no joint 
pain. 


On March 14, 1950, the patient was admitted to hospital where Pericarditis exsud. 
benigna non specifica was diagnosed. He was pale and looked ill but had not cyanosis, 
dyspnoea or oedema. An inconstant rub(?) was heard over the lower part of the sternum. 
BlocM jnessitre 130/80 mm Hg. The liver was palpated 1 — 2 cm below the arcus costarum. 
\\ . B. C. 7,100. He had low grade fever for about 12 days. Erythrocyte sedimentation 
rate.- ^3 mm/hr. on admission, three weeks later it was 9 mm/hx. and afterwards normal, 
ihe tuberculin reaction was positive (-f O.i mg), and the antistreptolysin titre deter- 
mraect on various occasions was always low. 

of March 15 showed considerable general enlargement of the heart 
pulmonary changes. The electrocardiogram traced on 

— ^ ^ ~ admission — the venous blood pressure was 20 cm and 


’ Case Nr. 14 and one case not included in the diagrams, 
16 540063. Actamed.Scandinav. Vol.CXLYIJI. 
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then .,W aa th. Stl™ ■»= 

W 6,ad».l]r .ukiM, AboJt 1 moaa~.dmU Lrll »' «» 

pain in the region of the T)recordimn m/l a r • t- P^t’cnt reported stab-like 

feftea « dap .he paS T •"■“¥'■ * 

patient was sent home on May 4, and then there was slight persisted 

hver venous pressure was 20 cm but he felt well and fhowed no stC of SemV 
blood pressure was 105/85 cm Hg. “ oedema, rbe 

X^ray emmnmtion The enlargement of the heart shadow, which was considerable 
on admission (850 cc/m-) gradually decreased; already by Jlarch 29 the heart had di 

on release on May 4, 1951, the heart was only modmtdy 
eMarged (o90 cc/m-) and pulsations were regular and almost of normal size. The chest 
A^ray sfcui showed no signs of a pathologic condition. 

Electrocardiographcal examination. As at the first examination, at which the electro- 
cardiograph was normal except for a low T wave lead 1, the tracing taken 1 week later 
(March 21) showed inversion of Tl, T2 and T3, while T4 was still positive. 

dVhen released on hlay 4, venous pressure was increased and later increased further 
to 23—25 cm hut no tendency to oedema was noted. He was troubled by dyspnoea and 
epigastric pain on exertion and sometimes by precordial pain and headache, which in- 
creased in intensity when he bent forward and sometimes when he coughed. The 
electrocardiographic tracing taken on June 4 now showed a positive Tl, which 
remained so, while T2 and T3 remained negative. PQ and QRS were normal through- 
out the entire observation period. 

On March 26 the volume of the heart was 510 cc/m^; it had thus decreased. Ho pulsa- 
tions were now detectable over the apex of the heart and pulsations on both the left and 
right sides were weak. 

Constrictive pericarditis was assumed and the patient was referred to Mahno general 
hospital for investigation and, if indicated, surgical treatment. On admission. — He did 
not look ill, there was no oedema but the neck veins were distended. Auscultatory findings 
were normal. Blood pressure 120/95 ctn/Hg. Heart heat: SS/min. The liver was palpated 
3 cm below the arcus costarum and the venous pressure was increased — 30 cm. The 
diagnosis of constrictive pericarditis was established by the typical shape of the curves 
seen on heart catheterisation. On October 24 the patient underwent pericardectomy 
(Prof. H. B. Wulff) at which a 3—4 mm thick layer of hard but not calcified pericar^al 
tissue was removed. Histologic examination of the operative specimen showed connective 
tissue extremely rich in collagen but poor in cells: the connective tissue showed organised 
fibrin without signs of tuberculosis or other inflammation (Winhlad). 

The result of the operation was excellent. Venous pressure returned to normal, all 
symptoms disappeared. When last seen in 1953 the patient felt well and ^amination 
revealed no signs of incompensation. Venous pressure was now 10 cm. The 
cardiogram was normal and X-ray examination of the heart showed a normal size (% . 
420 cc/m”). 

Comments. In this case the acute onset preceded by infection of the upper 
respiratory tract was tjpical of acute pericarditis. The cough and transient pre- 
cordial pain 3 months earlier suggest that the patient had an attack at ^h^^ 
Xo signs of earlier ox active tuberculosis could be demonstrated. (Ihest-X- y 
taken on various occasions never showed any signs of a pathologica con ' 
pain was denied and on no occasion did the electrocardio^aph 
suggestive of rheumatic etiology. The antistreptolysin ti re was a 
normal A striking feature was the early clinical f 

ciency, which was pronounced already 1 week after admission, when X-ray exam 
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tion of tlie lieart showed considerable enlargement, probably due to effusion in 
the pericardium. There may thus have been a certain degree of heart tamponade 
in this stage. As the cardiac enlargement subsided the return of the S. R. towards 
normal was at first accompanied by a certain decrease in the severity of the symp- 
toms of cardiac insufficiency, but symptoms of impaired venous return to the 
heart soon increased again. Pericardectomy was done some 20 months after the 
onset of the condition. Histologic examination of the operative specimen showed 
no signs of specific inflammation in the pericardium. 


Case 14 0. S. A man, aged 51, who denied earlier heart trouble, entered hospital on 
Feb. 8 complaining of recent (1 month) shortness of breath on exertion, palpitations, 
non-productive cough and »a feeling of feven). He denied chest pain. Mass chest X-ray 
had revealed enlargement of the heart but no pulmonary changes. He was medicated 
with digitoxin, which, however, produced no improvement. On May 2 he was examined 
by his doctor who noted a precordial friction rub at the left sternal border and a sedimen- 
tation rate of 102 mm. On admission to hospital on February 8 the patient did not feel 
ill, but he was slightly dyspnoeic. There was no oedema and the liver could not be pal- 
pated. Auscultatory findings were normal. No friction rub was heard now or later.| Heart 
beat 104/min. Blood pressure 130/100. W. B. C. 5,100. Sedimentation rate 94 mm/hour. 

X-ray examination on Feb. 9. Enlargement and increased roundness of the outline 
of the heart. Vol. 610 cc/m“. On either side the hilus glands showed calcification. The lung 
fields were of normal appearance and showed no signs of stasis. The electrocardiograph 
showed iso-electric S— T segments, slightly positive T1 and negative T2— 3— 4. 

During the first 5 days the patient had low grade fever. He had a transient cough, but 
was otherwise symptom-free. He denied chest and joint pain. The heart beat was about 
llO/min. during the first week, after wliich it persisted at 100/min. for 2—3 weeks and 
then gradually returned to normal. The sedimentation rate, which was 94 mm/hr. on ad- 
mission, decreased fairly rapidly and after 1 month it was 22 mm/hr, and after 7 weeks 
14 mm/hr. After a transient increase to 26 mm/hr. it was again normal 3 months after 
admission. The antistreptolysin titre determined on 3 occasions was always normal. The 
tuberculin reaction to 1 mg was positive, but negative to O.i mg. Guinea-pig inoculation 
and culture of the gastric washings were negative. Blood culture gave no growth. 

Check X-ray examination on March 5 showed no further change in the size of the heart, 
but signs of stasis had appeared in either lung field and pleural changes with effusion 
were seen bilaterally. The patient was still symptom-free, there were no signs of oedema 
but the liver was palpated just below the arcus costarum and on March 11 venous pres- 
sure was 18 cm. At the end of April, about 10 weeks after admission, oedema of the legs, 
enlargement of the liver and a venous pressure of 27 cm were recorded. Venous pres- 
sure persisted above 20 cm and oedema of the legs increased as soon as the patient 
was^ up. Digitalis produced no demonstrable response. 

X-ray examination on March 20 showed regression of the pleural changes, but the 
appearance of the heart and lungs was the same as before. Kymography on April 8 showed 
very small pulsations on both sides, especially on the right. No pulsations were dis- 
cernible at the site of the apex. The electrocardiogram, which on admission (Feb. 9) 
s owe sightly positive Tl, but negative T2 — 3 — 4, now (Feb. 13) showed negative T 
waves m all standard leads and in the chest lead V2— 4— 5— 7, by Feb 20 all of the T 
w'-r T? ^“°“®«i«j^«negative_ after which there was a gradual regression and on 
June 7 II was again slightly positive, and the other T waves less negative than before. 

T tendency to subside, the patient 

mLval oftv l department, where he underwent pericardectomy with the 

inneralf i Pericardial tissue (N. P. Bergh). Histological exambation of 

the operative specimen showed very stram collagen connective tissue without demon- 
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71 Slier I’S s'lr '■»p‘ 

, good. Venous pressure returned to noXund So natia ^ very 

last seen the patient felt very weli and showed no s^ans of i' fT^P^om-hce. lYhcn 
pressure was 11 cnr. The heJrt 

graph was norma! except for a low T2. ' ’ e’ectrocatdio- 

Commenfs In this case the onset was less acute than usual, and was not as- 
sociated with pain - this was the only case in the series in which pain was not 
present ~ and the temperature was never more than slightly increased durin<^ 
the time he was in hospital. The patient had felt ill one month before admission 
but observations made in hospital suggested only a fairly transient acute infectioti 
with return of the temperature within 5 days and of the SR within 7 weeks: the 
electrocardiographic changes also showed slight regression. Examination revealed 
no signs of rheumatic or tuberculous affection — there were no joint pain, the 
antistreptolysin titre was not increased and electrocardiogram showed no chances 
of the PQ or QRS. 

X-ray examination showed no pulmonary changes, guinea-pig inoculation 
with gastric washings was negative and the tuberculin reaction was weak. The 
patient was thus considered to have subacute non-specific pericarditis which 
within 6 months developed into constrictive pericarditis. 

Little is known of the etiology of chronic constrictive pericarditis. Of altogether 
158 operated cases reported by various authors (Harrington 1944, Paul Castleraan 
and White 1948, Mortensen and Warburg 1948 and Chambless et al. 1951) tuber- 
culous origin was demonstrated in 15 — ^28 per cent, rheumatic fever was rarely 
or never demonstrated as the causal factor and most cases were ctiologically 
obscure. Blalock and Burwcll (1941), howewer, found positive evidence for 
tuberculosis in 13 of their 20 operated cases (65 per cent). In some cases the 
patients had on some earlier occasion had acute pericarditis (Paul, Castleraan 
and White 1948). It was this that induced some workers in this field to 
doubt the regularity of the good prognosis of acute benign pericarditis. Our 2 
cases described in detail suggest that acute obenigmi, non-specific pericarditis 
really can develop into chronic constrictive pericarditis, an observation that 
had hitherto not been confirmed. This suggests that the future course of the 
disease should be predicted with caution. It is not possible to explain why peri- 
carditis should develop into constrictive pericarditis in some patients but not in 

others. It may be attributable to difference in reaction of the pericardium to 
one and the same causal agent or, as already mentioned, it may be asoribabie 
to a special type of infection. But in many cases of chronic consriictiye Pancarditis 
the condition is not preceded by any known attacks of acute pcncar i , 

cases it might be a question of silent tuberculous pericarditis ~ an " 
out», tuberculous pericarditis is difficult or impossible to dmpose histo ogic 3 
other cases one might imagine a primarily benign, possi y 
pericarditis leading later to chronic progressive pericardial changes. T . 
clinicah), abortive non-specific forms of pericarditis do occur is app, . y 

13 as well as from the higb frequency of chronic adhesive pericarditis P 3 
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series. Thus of 8,912 autopsies at the Mayo Clinic, Smith and Willius found 373 
(4 ^ per cent) cases of pericarditis and of thees, 144 (1.6 per cent) -were cases o 
adherent pericarditis. Seventy-one (49.3 per cent) of these 144 cases were of 

unknown origin. _ ^ 

Like a.n.p., chronic constrictive pericarditis is commonest in young males. 
In the largest series of surgically treated cases of chronic, constrictive pericarditis 
(Chambliss et al. 1951) on record, for example, 48 of the 61 cases were seen in men 
and the average age of the series was hardly 32. This is another aspect of the 
disease requiring elucidation. 


Summary. 

During the 10 year period 1943 — 1952 altogether 64 cases of pericarditis were 
seen at Mahno general hospital, of these, acute non-specific pericarditis was seen 
in 21, rheumatic pericarditis in 12, pyogenic pericarditis in 7, tuberculous peri- 
carditis in 6, constrictive pericarditis in 6. Ten cases could not be assigned with 
certainty to any known t 5 'pe. Pericarditis secondary to uraemia, myocardial in- 
farction and tumours were not included. 

The symptoms observed in 24 cases of acute non-specific pericarditis are 
described, with special reference to differentiation of the condition from myo- 
cardial infarction. It is stressed that the condition is sometimes erroneously 
diagnosed as myocardial infarction. 

The prognosis is usually good, although the possibility of prolonged or per- 
manent myocardial injury or the development of constrictive pericarditis must be 
considered. Two cases are described in which acute non-specific pericarditis (al- 
though the onset was less typical in 1) developed into chronic constrictive pericar- 
ditis. Pericardectomy 6 months and 20 months respectively after the onset of 
the symptoms produced excellent results in both cases. Neither the clinical picture 
nor histological examination of the operative specimen suggested tuberculous or 
rheumatic etiology. The development of constrictive pericarditis after acute non- 
specific pericarditis has apparently never before been described. 


Beferences. 

1 Andersen M T.: Acta med. Scandinav. 1948, 213, 47. - 2. Aagaard, S., Jensen, S., 
and Eskjaer, S.: Nordisk Medicm 1952, 48, 1409. - 3. Barnes, A. R., and Burchell 
H B.: Am. Heart J. 1942, 23, 247. - Blalock. A. and BurwelL 0. S • Sure GvrTnd 
Otet mi 73, 433. - 4 BelM S .Bd T. M., A,ok S' iTs, 6°! 

nai. 0 . Bing, H. J.: Acta mecl. Scandinav. 1933, 80, 29. — 6 Garmichael Tl B 
Sprauge, H B Wyman, S. M., and Bland, B. B.: Circulation,' 1951, 3, 321 
aiambhss, J Jarnozewski, E. J., and Brofman, B. L.: Circulation 1951 4 81G ~ s’ 

S.EngelfeldkS^^^^^^^ 

3.™, a, “a So 't T,"/? 

W. 3T, 38S, - 43. 1 1 



218 


HAXS KROOJT. 


Pediatrics, 9, 551, 1952. - U. Gffley, E. W., Me Cord, M. D., and TameW, J. T.- Km T 
Med. Sci. 1951, 222, 249. — 15. Godfrey, J.: Ann. Int. Med. 1951, 35, 1336. — 16 Gom- 
sen, J.: Ugesk. laeger 1952, 33, 1096. — 17. Harrington, S. W.; Ann. Sure. 1944, 120 
468. — 18. Hecksclier, H.; Acta med. Scandinav. 1933, 80, 251, — 19. Hilden, T.: Xor- 
disk Medicin 1952, 47, 111. — 20. Levy, R. L., and Pattersson, M. C.; Am. J. Med"l950, 
8, 34. — 21. Logue, R. B., and Wendkos, M. H.: Am. Heart J. 1948, 36, 587. — 22. Mor’ 
tensen, V., and Warburg, E.; Acta med. Scandinav. 1948, 131, 203. — 23. Me Cord, ILL., 
and TagucW, J. T.: Aicb. Int. Med. 1951, 87, 727. — 24. Natkan, D. A., and Bathe' 
R. A.: Am. Heart J. 1946, 31, 115. — 25. Moth, P. H., and Barnes, A. B.: Arch. Int. 
Med. 194B, 651, 291. — 26. Hay, R. M., and Boyer, M. H.i Am. Heart J. 1946, 32, 222, — 
27. Parker, R. C., and Cooper, H. R.; J. Am. Med. Assn. 1951, 147, 835. — 28. Paul, 
O., Castleman, B., and White, P, D.: Am, J. Med. Sci. 1948, 216, 361. ~ 29. Pohl, A. \V.: 
Ann. Int. Med. 1950, 32, 935. — 30. Porter, W. B., Clarke, 0., and Porter, R. R.; J. Am. 
Med. Assn. 1950, 144, 749. - 31. Reeves, R. L.: Am. J. Med. Sci. 1953, 22-5, 34. - 
32. Smalley, R. E,, and Ruddock, J. C.: Ann, Int. Med. 1946, 25, 799. — 33. Smith, 
H. L., and Willius, F. A.: Arch. Int. Med. 1932, 50, 410. — 34. Taubenhaus, M. 31., and 
Brains, W. A.: J. Am. Med. Assn. 1950, 142, 973. - 35. Tomlin, C. E., Logue, K. B., and 
Hurst, J. W.: J. Am. Med. Assn. 1952, 149, 1215. - 36. WoHf. L.: New Engl. J. 3Ied. 
1944 230 422 — 37. Wolff, L.; New Engl. J. 3Ied. 1943, 229, 423. - 38. Vander Veer, 
J. B.’, and Norris, R. F.; Am. Heart J. 1937, 14, 31. - 39. Vander Veer, J. B., and Noms, 
R. F.; J. Am. 3Ied. Assn. 1939, 113, 1483. ~ 40. Talmage, W. G.: Am. Heart J. 194.1, 
29, 623. 


Actsi jttedicji Scandinavica. Tol. CXLTIII, tasc. Ill, lOoi. 

From The IVth Medical Clinic, Maria Hospital, TJniversity of ^^singfors Finland, 
(Head: Professor Bertel von Bonsdorff) and The Pharmacologiral Laboratoiy, 

Ltd, Helsingfors (Head: Gustaf Ostlmg, M. H.). 


Alkali-Stable Growtli-Promotiiig Factors for Lactobacillus 
Lcicliiiiaimii in Human Livers.^ 

By 

TOS, PETTERSSON, GUSTAF OSTLING and RUBEN GORDIN. 

(Submitted for publication September 14, 195S). 


When, in 1948, vitamin had been isolated and fonnd to have a good thera- 
peutic effect in pernicious anemia it was believed that the antianemic principle 
of the liver had been discovered. As soon as one year later Jacobson & Bishop, 
and in 1950 Owren, however, emphasized that vitamin B^ is not as potent as 
crude liver extract. Folic acid, folinic acid, thymine and desoxyribosides, which 
have an antianemic influence, are not present in liver extract in amounts suf- 
ficient to explain its superiority. Hence there is reason to assume that liver extract 
contains factors influencing pernicious anemia other than vitamin Bia- 
Vitamin is destroyed when boiled with sodium hydroxide at pH 10. In 
1952, Robinson, Williams & Brown showed that crude liver extract after this 
alkali treatment still contains a growth factor for Lactobacillus leichmannii. 
Ostling & Hyherg (1953) demonstrated, too, the presence of this factor (alkali- 
stable factor I) and of another group of alkali-stable factors (alkali-stable factor 
II) for the same microorganism. Alkali-stable factor II has a growth-promoting 
effect also for LaGlobacillus casei, Leuconostoc citrovorum, Streftococcus faecalis 
and Euglena gracilis. It has been demonstrated by clinical experiments that liver 
extracts containing these allcali-stable factors and no vitamin Bi, activity are 
effective in the treatment of pernicious anemia (Ostling, Nyberg & Gordin 1953), 
and that these extracts possess extrinsic factor activity (Ostling, Nyberg & Gordin 
1954). 


Pernicious anemia being very rarely encountered in persons under 20 years 
of age and seldom before middle age, we have undertaken this investigation in 


employed m this investigation were obtained from the Department of Patholoeical 
Anatomy, Maria Hospital, Hie Institute of Pathological Anatomy, the Institute of Forensic Medicine 
the Children’s Clinic and the First Women’s Clinic, University of Helsingfors. ° iueaicine, 
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order to find out whether the content of alkaU-stable, growth-nromotincr f t 
fOT Laclohacillus lewhnannii in the liver is reduced wfth age^since thk tc S 
offer some explanation of the disposition for pernicious anemia’ of the at „! 
m question In view of the encouraging results obtained by intravenous tWapy 
with crude hver extract in cirrhosis of the liver (Labby & al. 1947 ,1 ! 

included some cases of this disease ’and of fatty 
inffl^tration of the liver in order to study the altali-stabie factors in connection 
with these conditions also. 


Experimental. 

All liver extracts were prepared from human livers obtained at autopsy not 
fater than 48 hours fost mortem. The livers were refrigerated to — 20'’ C. and 
linely groimd. Dry substance was prepared from each powder by evaporation 
on a water bath at 35 — 38° C. for about 48 hours. 75 ml distilled water were 
added to 5 gm dry substance, and pH was adjusted to 7, after which 0.5 gm 
papain and 2,5 ml toluene were added. This mixture was hept for 24 hours at 
38° C. When pH had again been adjusted to 7 the mixture was brought to the 
boil and filtered. The filtrate was used in the microbiological assays. 

The alkali-stable liver factors for Laclohacillus leiclmannii were determined 
by the routine method employed at the Pharmacological Laboratory of Messrs. 
Medica, Ltd. (Hyberg 1952). The extracts were investigated in amounts cor- 
responding to 10~*, 10~®, 10~*, lO"’, 10~% 3 • 10~* and 6 • 10"’ gm dry sub- 
stance per test tube. All assays were carried out in duplicate. The extracts were 
assayed before and after boiling for one hour with sodium hydroxide at pH 10; 
the two growth curves thus obtained were identical. Bacterial growth was de- 
termined after incubation for 20 and 72 hours at 37° C. No bacterial growth was 
obtained with pure papain prepared in the same manner as described above. 

The material for this investigation includes 49 livers from patients who had 
died from diseases other than pernicious anemia or diseases of the hver. These 
morrnal.) cases were classified in age groups as shown in Table I, in which the 
number of cases is also indicated. Furthermore our material mcludes 4 livere 
from persons with portal cirrhosis aged 41-80, 7 livers with incipient cirrhosis 
(49—71 years of age), 3 livers with fatty infiltration (29—64 years of age), and 
3 livers with incipient fatty infiltration (55—77 years of age). 

Talile I. 


Dislribution of the examined livers according to age and diseases of the hver. 


j 1 

1 sXormaU livers , 

1 j 

i 1 

Cirrhosis 

hepatis 

1 

Cirrliosis 
hepatis ! 
incipiens 

I 

Infiitratio ; 
adipos.i 
hepatis 

Infiitratio 

ndiposa 

hepatis 

incipiens 

Tears Below 0 
No. of livers 7 

T i i i i 

0—1 1—20 21 — lo'll— 60 61 — 80 ; 41—80 

n 1 3 I 8 1 6 1 14 1 4 1 

40-71 

7 

29-64 1 
3 i 

55 — ^77 

3 i 
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mg. dry Liver substance/test tube 


Fig. 1. Growth curves for L. hkhmannii with liver extracts prepared from Dnormah human livers 
from different age groups. 72 hours incubation. 

Ago group Below 0 years 

1—20 0 — 

21—40 0 

41 — 60 i> ^ ^ 

61—80 » - 

Bacterial growth after incubation for 72 hours with extracts of mormah) livers 
from the various age groups appears in Pig. 1. The curves for the age groups 
0—1, 1—20, 21—40, 41 — 60 and 61 — 80 .years do not differ much. The growth 





mg. dry Liver substance/ test tube 


Mg, 2. Growth curves for h. with liver extracts prepared from cirrhotic livers and livers 

with fatty infiltration. 72 hours incubation. 

^Normah livers 

Cirrhosis hepatis 

Cirrhosis hepatis inoipiens 

Infiltratio adiposa hepatis 

Infiltratio adiposa hepatis incipiens 


curve fox liver extract from foeta {the age group imder 0 year), on the other hand, 
shows a somewhat different course. The bacterial growth with small amounts 
of liver extract is smaller in this group than in the others. At 10 ‘ gm liver per 
test tube the curves coincide, but after this the growth curve with foetal extract 




ALKx\LI-STABLE GROWTH-PROMOTING PACTOKS FOR LACTOBACILLUS LEICILMANNII. 223 

shows a steeper rise than the rest. In Fig. 2 the growth curves with extracts from 
cirrhotic and adipose livers are compared with a mean curve made on the »normal» 
cases aged 0—80 years. It appears that the content of alkali-stable factors in 
the cirrhotic livers in the range lO-*— IQ-* gm liver per test tube is about 25 
per cent, and in the range 10~' — 6 • 10~= about 10 per cent smaller than in normal 
livers. The differences are statistically significant at all points at the 5 per cent 
level of probability. It appears in Fig. 2 that the curves with extract from livers 
with incipient hepatic cirrhosis and fatty infiltration lie between the curves ob- 
tained on the normal cases and those obtained on cases with severe cirrhosis. 
The content of alkali-stable factors seems to be somewhat reduced in these 
cases, too. 


Discussion. 

The results of this investigation show that liver extracts prepared from human 
livers contain alkali-stable growth factors for Lactobacillus leichmannii. The con- 
tent is the same in Dnormat) livers from all age groups from 0 year upwards. Any 
relationship between the alkali-stable factors, which are also antianemic (Ostling, 
Nyberg & Gordin 1953, 1954), and the disposition for pernicious anemia of the 
middle-aged has thus not been established. 

llTien comparing the growth curve for liver extract from foeta with the other 
curves in Fig. 1 it is found that it has a different course with amounts of dry 
liver substance smaller than 10“‘ gm per test tube; according to Ostling & 
Nyberg (1953) this may be attributable to a smaller content of alkali-stable 
factor I, or to the absence of this factor. From 10“" gm liver per test tube up- 
wards the foetal curve rises somewhat more abruptly than the others, which may 
indicate that alkali-stable factor II is present in larger amounts. 

The results of the assays with extracts from cirrhotic livers (Fig. 2) show that 
these contain about 25 and 10 per cent less of the alkali-stable factors than 
mormali) livers in the ranges for factor I- and factor Il-activity, respectively. 
Thus it seems possible that the alkali-stable growth factors are connected with 
the development of cirrhosis of the liver. 

It is a noteworthy fact that no alkali-labile vitamin Bu effect was demon- 
strable in any of the liver extracts examined. This may be due to vitamin Bi. 
either becoming alkah-stable, being destroyed, or otherwise becoming inactive 
for Lactobacillus Iciclimaunvi during the process of preparation. 


Sniumary. 


Human livers contain alkaU-stable, growth-promoting factors for Lactobacillus 
leiolmanmi; the content is the same in livers from all age groups. On the other 
hand it is somewhat reduced in cirrhotic livers. 
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Tlie TIiyro-Hypopliysial Syndrome. 

I. Tlie primary reaction of tlie hypophysial eye signs (including ex- 
ophtalmos) to the treatment of thyrotoxicosis. 

By 

B.-A. LAMBERG. 

(Submitted for publication September 14, 1953.) 


The ocular phenomena occurring in association with disturbances of thyroid 
function are as a rule divided in two categories. Lid lag, lid retraction, difficulty 
in convergence, and a variety of exophthalmos are classified as ihjroioxic symp- 
toms, whilst oedema and puffiness of the eye lids, obliteration of the upper orbito- 
palpebral sulcus, chemosis, and conjunctival congestion, which are characteristic 
of the so-called progressive or malignant exophthalmos, have been called Uhyro- 
tropm phenomena. The latter group has been thoroughly studied by many inves- 
tigators, the malignant form of exophthalmos being a problem of great theoretical 
as well as practical interest. In view of Mulvany’s (48) observation that the his- 
tological changes encountered in the retrobulbar tissues belong to either of two 
different types, some writers have distinguished between a »thyrotoxic» and a 
»thyrotropic'> variety of exophthalmos (2, 30, 48, 49, 56). Others, however, hold 
that there is only one form, in which different stages of development display dif- 
ferent features (7, 10, 17 a, 19, 41, 42, 44, 51, 54, 58, 59, 61). This Unitarian view 
is strongly supported by Bundle & Pochin’s (58), Bundle & Wilson’s (69, 60, 61) 
and Falconer & Alexander’s (17 a) histological and volumetric investigations, and 
by Copper’s (8), Means & Stanbury’s (46) and Kearns, Henderson & Haines’s (28) 
orbitonometric studies. 

Malignant exophthalmos is associated with disturbances of thyroid function in 
various ways. It may be the first sign of thyrotoxicosis, or it may occur simultane- 
ously V ith this condition. Most frequently it is, however, encountered when thyro- 
toxicosis has been relieved either by thyroidectomy or by irradiation or anti- 
thyroid therapy. Malignant exophthalmos may be produced in humans also by 
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treatment with ^notropic preparations (66, 69). In retrard of clinir'il 
and histological changes, the »thyrotropic» variety corresponds well to the oT™ 
mental exophthalmos produced in animals by the treatment with thjiotxopic pren- 
arations, by thyrostatic therapy, or by thyroidectomy (13, 62 c). ^ ^ 

fact apparently not universally known is, however, that a very larf^e pioeor. 
tion of thyroidectomized patients react with an increase of the exophthalmometer 
values independently of whether any ocular signs have been initially present (11 
13, Id, o2, 65). Frequently the change is not observable when the patient is es- 
amined with the naked eye, since lid lag and lid retraction may have disappeared 
and the inipression is thus conveyed that the eye has, on the contrary, gone in- 
wards. A similar increase of the exophthalmometer values sometimes accompanies 
preoperative iodine treatment, thyrostatic therapy or irradiation of the thyroid 
gland (5, 9, 10, 13, 14, 34, 36, 37, 38, 40). Dobyns (13) emphasized that he had 
not found any relationship between the increase of the exophthalmometer values 
and the initial readings. 


Since the literature dealing with these problems is very extensive, the reader 
is referred to the excellent surveys by Sattler (62), Means (43, 44), Mulvany (48), 
Mann (41), Dobyns (13), Danis & Mahaux (10) and Duke-Elder (16 a). 

The purpose of the present investigation has been to ascertain whether there 
is any relation between the clinical eye signs initially present (lid lag, lid retrac- 
tion, oedema and puffiness of the eye lids, filling or obliteration of the upper 
orbito-palpebral sulcus, etc.) and the occurrence of clinical and exophthalmo- 
metric eye reactions in immediate connection with the treatment of thyrotoxi- 
cosis. The intention is also to follow the development of the eye reactions for some 
years in order to find out whether the eye symptoms initially present and the type 
and degree of the immediate reaction are somehow correlated with a malignant 
exophthalmos occurring later, it being known that this condition may develop 
even five or more years after a thy^oidectomJ^ This aspect of the problem is of 
great practical interest, but on account of the short period of observation the 
present paper deals only with the relationship between the immediate or primary 
reaction and the symptoms present prior to treatment. 


Material.^ 

The material includes 57 patients with thyrotoxicosis, 52 of whom were females 
and 5 males. The presence of lid lag, lid retraction, oedema or puffiness ol tte Q e 
lids, filling or obUteration of the upper orbito-palpehral sulcus ^ ® 
tuberance, conjunctival congestion, chemosis, lacrymation and 
was recorded. The signs -, -f, ++, +4-+ and +-f ++ 
the degree of severity of these phenomena. Gases with o<=de®a ( „ "Jonlv 

or puffiness of the eye lids (Vigoroux’s, Sattler s sign (6.., tO)}, ^ 

1 I have been kindly invited ®H°i’'°“rtraenMHe3d?Xrent G.^ 

P. Tnovinen, 31. ».) and from the Mmncipal Medical 

M. D.) of the Maria Hospital, for which I wish to express my gratitude. 
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called swelling, and sulcus plienonicua (Posey & Spiller’s sign (55)) of the degree 
_L-u to “f-'T'T'i' correspond to what Means’s has called the hyj)erophtlialino- 
pathic form of Graves’s disease (44-, 45), the degree -r+-h-d- being very sevep 
malignant exophthalmos. +++ however, the severest form encountered m 
this '^investigation. The exophthalmometer values (EOV) were determined by 
cxophthalmometry (EOM, see below) during periods varying from some weeks to 
six months. During the first stage of the treatment EOM was performed with 
intervals of two to five days. At the time when thyroidectomy was performed, 
or if a change in BOV had been observed, determinations were more frequently 
performed, in's, with intervals of one to three days. M hen the level had again be- 
come stationary after a thyroidectomy or durmg thyrostatic therapy the intervals 
wore prolonged. Forty-one patients were treated with subtotal thyroidectomy. 
Preoperatively potassium iodide was administered, sometimes in conjunction with 
propylthiouracil (PTU) or l-methyl-2-metcaptoimidazol (MMI). Sixteen cases 
were treated medically with PTU or MMI with or without iodide. In one case the 
thyroid was also irradiated. IVahlberg (74) showed that, in Finland, goitre is 
nearly alwa 5 'S of the multinodular type. The findings in the present material are 
in good agreement with this, multinodular goitre being present in 53 cases and 
diffuse goitre in one case only. 


Exoplitlialinoluetry. 

A Hertel exophthalmometer was used. The technique was the same as with 
most exophthalmometers, record being taken of the position of the vertex corneae 
in relation to a frontal plane traversing both the lateral orbital margins. Owing 
to individual anatomical differences it is natural that the absolute exophthalmo- 
meter values are not significant. Using Hertel’s exophthalmometer, the normal 
variation ranges between 10 and 24 mm (8, 9, IG, 32, 62, 65). In view of this, the 
adequacy of the denomination exophthalmos is debatable until the upper limit of 
the normal variation has been exceeded. It has been established, that in th}T:o- 
toxicosis, EOV lies on a higher level than normal (8, 9, 22, 28), but in regard of a 
single value this observation warrants no deductions unless the associated clinical 
signs are noted. Relative changes during the course of the treatment are highly 
significant, on the other hand, as was pointed out by Battler (62). Occasional 
readings are, however, never to be relied on, fluctuations in EOV being demon- 
strable in normal eyes also. Frequent determinations are therefore required. 

It should be emphasized that reliable results are obtainable only when all deter- 
minations are made by the same observer with the same instrument. The patient 
should fix his eyes on a point that on all occasions has approximately the same 
position relative to the eyes of the observer and to the horizontal plane of the 
e.xophthalmometer. The importance of this was established by tbe present author 
when, on the same day, a patient was examined also by another observer using 
another msfcruiuent; the results differed by 2 mm. Hence it is not admsable to send 
patients for EOM from a surgical or medical clinic to the outpatient department 
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Of an eye clmc where both the personnel and the instruments may varv 
other significant error inherent in this method of exophthalmometry is Si 
to the error of parallaxis. In the present investigation which inelnLl I u ^ 
10,000 readings, the patient was always told to fix his eyes on and rem 
some distinctive mark at the root of the nose or on the forehead of L ohsa^’ 
this was used as the pomt of fixation at the subsequent determinations also h 
was attempted always to keep the eyes both of the patient and the ohsen-er in 
the same horizontal plane, and the exophthalmometer was also kept on the same 
plane^ as far as possible. It should, moreover, be borne in mind that the orbital 
margin is forwards concave, which may cause variations in the readings. Purther- 
naore it is absolutely necessary to note the intermarginal distance that can be 
directly read on the frame of the exophthalmometer. 

It appears from the above that exophthalmometiy with Hertel’s exopbthalmo- 
meter is rather crude as a method. This impression is confirmed when successive 


determinations are made on the same occasion. As a rule I have therefore taken 
6 to 10 readings each time and noted the mean value of these. The mean values 
for both eyes have been united to a curve (EOV curve). It was also found that 
the patient and the observer must get adapted to each other; therefore the first 
series of readings has been omitted in many cases. 

ly.'hen evaluating the primary reaction in EOV the following criteria have been 
used The reaction was regarded as positive when the EOV curve showed a definite 
change in shape (Fig. 2, Case A 2) and the arithmetical mean of the EOV of both 
eyes increased by 0.25 mm at least, or when the level shifted by 0.25 mm (Fig. 3, 
Case C 3), in the surreal cases within nine days after the operation and in those 
medically treated within six weeks from the beginning of the treatment. An in- 
crease by 0,25 TTini was regarded as significant in view of the number of readings 
taken on each occasion (see above). 


Results. 

It has not been possible to unite the different EOV reaction curves into one 
owing to the fact that the determinations were not always performed on the same 
days relative to the beginning of the treatment or the performance of thyroid- 
ectomy; furthermore the curves show rather large variations with regard to shape 
and course. The results have therefore been compiled m Table 1. 

It appears in this table that an increase of EOV occurred in about iw per e 
of all cases. The rate of reaction was about the same independently of the Uea - 
ment, whether surgical or medical. This is in good agreement with ^ ; 

13) and Dohyns & Haines’s (14) results. On the other hand the reaction cui 
differed somewhat with regard to shape, as appears from the , 

In the thyroidectomized cases an increase in EOV quite often 
operatively independently of whether KJ, thyiostatic j one 

tion of ho^h had been given (Fig. 1, 2). This increase 
of the first signs of a beginning normalization of thpoid func , 




DA^S himi ms AFTER 
THVROIbUTOMV 

Fig. 1. TliD primary exophtlialmio reaction to siirgienl treatment of tijjTotoxicosis. 


appeared simultaneously witli an increase in cholesterol, a decrease in basal meta- 
bolic rate, and an improvement of the clinical state. It ^Yas also seen, as in Fig. 1 
(cases B. 8 and A 15), that the preoperativc treatment sometimes caused a maximal 
increase in EOV, and that no further increase was brought about by a subsequent 
th 3 T:oidectom 3 '. In other cases there was a rapid, marked reaction within the first 



TD'JROlblCTttiy 

Pig. 2. The primnry exophthalmic re.action to surgical treatment of thyrotoxicosis. 
17 — 5i00G3. Aclnmcd.Scandinav. VoLCXLYni. 




230 


LAMBERG. 



Kg. 3. The primary exophthalmic reaction to medical treatment of thyrotoxicosis. 


days following the operation with a maximum within one to two weeks. This in- 
crease subsided either abruptly, or by steps during the first weeks; oecasionally it 
persisted for long periods of time, or was even enhanced (Fig. 1, 2). When the 
therapy had been medical the reaction was often slower than after a thyroidectomy 
(Fig. 3). _ 

On examining Table 1 it is, however, of particular interest to find that there 
was a reaction in as many as 30 of the 34 cases where swelling of the lids, or filling 
of the upper orbito-palpehral sulcus was present prior to treatment whereas, of the 
23 patients who had none of these symptoms, 11 only had an increase in EOV. 
If the incidence is calculated as a percentage notwithstanding the small number 
of cases, the corresponding figures are 88 and 48 per cent. 


Table 1. 


T)te fTimary exophthalmic reaction following treatment of thyrotoxicosis. 


Group 

Treatment 

No. of cases 

No. of 
positive 
reactions 

Incidence 

p. c. 

Clinical eye signs (swelling 
of the lids and/or oblitera- 
tion of the upper orbito- 
palpehral sulcus) present 

Thyroidectomy 
(Group A) 

24 

21 


Thyrostatic drugs 
(Group B) 

10 

9 


Total 

34 

30 

88 

No clinical eye signs 

Thyroidectomy 
(Group C) 

17 

8 


Thyrostatic drugs 
(Group D) 

C 

3 

' 

Total 

23 

11 

48 

Entire material 

! 57 

41 

I 

72 
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When there ^va 5 an increase in EOV it ^vas frequently found that the upper 
orhito-palpebral sulcus gradually became filled by a soft protuberance m patients 
^vho had not prcviouslv shoum this symptom, or that obliteration, Avhen present, 
became more marked. Simultaneously the lids became somewhat puffy, and some- 
times the lower sulcus, too, began to bulge, forward. The identification of the 
sulcus si<^n presents some difficulty, in particular in patients who normally have 
thick and somewhat flaccid lids. In these, however, any soft protuberance, char- 
acteristic of the sulcus sign, is not demonstrable by palpation. In some cases a 
rather firm, sausage-like protuberance was palpable in the upper orbito-palpebraj 
sulcus, too; apparently it consisted of an enlarged portion of the lacrymal gland 
which protruded as a result of increased retrobulbar iiressure (2, 50, 57). This sign 
was present onl}' in patients with obliteration of the sulcus; it was foiind, for in- 
.stance, in some cases of malignant exophthalmos. Increasing coniunctival conges- 
tion and lacrymation were also frequently observable. In some cases there was a 
subjoctiYC feeling of pressure behind the eyes and of tenseness in moving them, 
and a gritty sensation. 

In Table 2 the differences in the initial exophthabnometer values and the dif- 
ferences in reaction hetween the two eyes of the same patient are demonstrated. 
It appears that an initial asyninietr)^ b}' as much as 1.5 mm was not infrequent. 
The difference in reaction was as a rule less than 0.25 mm. In many cases it was, 
however, 0.2G to 0.50 mm, and in 3 cases it was more than 0.50 mm. 


Table 2. 

Asymmctri/ in initial CTophthahnometer values and in the primary exophthalmic reaction 

following treatment of thyrotoxicosis. 


Group' 

Difference in exoplithnlmic reaction 
' between the two eyes 

Range (Hertel readings) 

Difference in initial e.xophthaimomcter 

values between the two eyes 

Range (Hertel readings) 


0-0.2.i 

0.2G— 0.50 

0..') 1—1.0 

0—0.5 

0.51— 1.0 

0 

1 

t. 



No. of cases 


No, of cases 



35 

4 

2 

13 

9 

2 

B 

4 

; 3 

1 

10 

5 

2 

C 

5 

4 

0 

G 

2 

2 

D 

3 

0 

0 

5 


1 

Total 

27 

1 

11 

3 

34 

IG 

7 


It is seen in Table 3 that the severity of the clinical eye signs bears some rela- 
tion to the EOV. The EOV varied rather much, however, and there is a great 
degree of overlap between the groups. 

Discussion. 

The results of the present investigation, which is only a part of the work to be 

remarks. It is noteworthy that there is a marhed 

’ Tlic clnssifjMfjon in groups refers to T.nbic 1. 
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Distribiihon oj initial clinical 


Tabic 3, 

signs, cxopkthalniomeler value<t an<J 
ment of %rofoxL/.r 


Severity of clinical signs 


Ivo. of I 


Av. exophthalmometer value 


Range of exophthalmo- 
meter readings 


23 


+ 


++ 


24 


G 

( 10 ) 


IG.l 


17.4 


20.7 

(20.S) 


+++ 


+ 4- r-f 


4 

(7) 


13.5—19.6 


20.0 

(20.7) 


14o. of positive exophthalmic 
reactions 


12.5—20.7 I 18.1—24.0 
U18.1-24.9) 


(23.0) 


22 


18.1—23.2 I 

(18.1—23.2) (19.o-23.2> ! 


difference in the rate of reaction between cases initially showing oedema or ■pujlincss 
of the hds andfor obliteration of the upper orbito-palpehral sulcus, and those in which 
these symptoms are absent. It is difficult as yet to evaluate the significance of this 
observation, but it seems to suggest that every patient shoving marked symp- 
. toms of this type may be suspected of developing malignant exophthalmos. The 
same viev has been advocated by Means (43, 44), Paschkis & Cantarov (u3), 
Copper (8), and Givner & Leiter (24), all of whom regard the presence of these 
signs in severe form as a general danger-signal. The significance of the sulcus sign 
as a manifestation of exophthalmos has been emphasized also by Rundle & Pochin 
(88) and Bundle & Wilson (60). 

When comparing the clinical picture of the ocular reaction and that of malignant 
exophthalmos, the conclusion is reached that the difference between these two 
conditions is only one of degree. The swelling of the lids and (he filling or oblitera- 
tion of the sidcus encoicntered initially in some cases of thyroloxieosis constitute the 
same clinical picture as the changes occurring during or after the treatment of thyro- 
toxicosis. They resemble essentially, too, the changes typical of the so-called malignant 
exophthalmos, which the present author has also studied on a separate material 
not included here. Similar results have been obtained by Copper (8) and Kearns 
et al. (28). According to these investigators the mean EOV is higher than normal 
in thyrotoxicosis, and lies between the values of normal subjects and tlioac ob- 
tained in cases of malignant exophthalmos. Kearns et al. emphasize that increased 
EOV is associated with an increase in the retrobulbar tension in the orbit. I have 
observed that a high BOV usually is associated with marked clinical eye .signs. 
The fact that an increase of EOV during and after treatment is accompanied by 
such symptoms is evidence in the same direction. 

The etiology and pathogenesis of the ocular phenomena here concerned are no 
yet clarified. It has been assumed that diencephalohypophysial disturbances are 

‘ The figure in brackets includes a number of cases not otherwise included in this invc»tiga(t 
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involved, and that the thjTotropic hormoTie of the hj-pophysis play.s an essential 
part in these events (cf. AVahlberg (74), Means (43), Mann (41), Dobyns (13), Danis 
& Mahavix (10), do Gennes (23), Marcheasni (42)). The effect of TSH on experi- 
mental animals ]cnd.s .substantial support to the view that a hj-pophy.sial factor is 
re.';pon.«iblc for the phenomena in question. On the other hand it is by no means 
proved that TSH as such is the precipitating factor. 

Repeated attempts have been made to elucidate this question by titration of 
the TSII level in various body fluids. The methods of determination of TSH have 
not been adequate enough, however, to warrant any definite conclusions. Slost 
reliable are, perhaps, the investigations of Purves & Gricsbacli (55 a), who used 
guinea pics, and of d’ Angelo, Pasclikis, Gordon & Cautarow (3), who employed 
the so-called tadpole method. The former found that the TSH level of the blood 
was high in most cases of malignant exophthalmos, whilst no TSH was detected 
in some. The latter were not able to demonstrate any difference in the content of 
TSH in the blood of normal persons and of patients with exophthalmos. Similar 
results have also later been obtained (17 a, 62 b). Even Eriedgood (20, 21) em- 
phasized the fact that the ex-perimcntal form of e.xophthalraos is aggravated at 
the moment when the purely tlij-rotropic effect has subsided owing to the formation 
of antihormone; there did not seem to be any corresponding inhibition of the 
exophthalmic effect. Furthermore Dobyns (12) was able to demonstrate that the 
exophthalmic effect of purified TSH preparations was inferior to that of less pure 
preparations. Jefferies (27) observed that, on inactivation of the thyrotropic com- 
ponent I'n vitro by elementary iodine by the method of Albert et al. (1), the 
exophthalmic effect was sustaiuod. This is in contrast to Dobyns <fe Eawson’s (15) 
results; in similar experiments these investigators found, namely, that the 
ophthahnotropic component was also inactivated. Eriedgood (20, 21), McCullagh, 
Ruedemann & Gardner (39), Purves & Griesbach (55 a) and Medine (47) ad- 
vocated the view that exophthalmos is not caused by the thyrotropic component 
proper. Recently Thompson (67) and Eorsham (18) have reported that Doh}ms, 
in investigations not yet published, has succeeded in isolating an ophthalmotropic 
component. Asboe-Hansen, Iversen & ‘Wichmann (4 b) have, however, titrated 
the TSH level in the serum in malignant exophthalmos and report that the con- 
tent of TSH was increased in 9 cases of 10. Similar results were obtained by Savoie 
(62 a). 


As pre\ious!y pointed out it is difficult to decide in clinical practice whether a 
condition is properly called exophthalmos until EO\ exceeds a certain limit. The 
initial clinical eye signs (oedema, puffiness, filling or obliteration of the sulcus, 
hulging of the e.ve Iid.s, etc.) seem, for instance, to he much more significant than 
the initial EOT. An eye set in a narrow orbit and with protruding lateral orbital 
r Av'r^ display marked clinical signs of malignant exophthalmos even though 

hes within the normal range. In particular it should he borne in mind that 
the denomination .ithpotropic e.xoplithalmos.) is evidently a misnomer, as appears 
rom V lat has been said above. Though other fatty tissues respond to some ex- 
tent, too, the adipose tissue of the orbit has a peculiar affinity for the exophthal- 
nios-producmg hi-pophysia! factor, as Dolnuis (12), Smelser (63) and Smelser & 
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under the same conditions as malignant exophthalmos (25, 31 70 a 
rich m hyaluronic acid is present just as in the retrohulbar adipose tSct 
hgnant exophthalmos (4 a, 35). The temporal and facial oedLa d;soribed t 
Thompson & Thompson ( 68 ) and by AVahlberg (71, 72, 73 ) apparently bclont to 
the same group of phenomena. In one case in group B in the present series°uch 
oedema developed simultaneously with an increase in EOT and an a<-aravation of 
the clinical eye signs. The patient’s face became more and more *cLliim>-Iike' 
Irradiation of the hypophysis brought about a decrease in EOV and a relative 
relief of the cHnical eye signs; simultaneously the temporal and facial oedema im- 
proved. Obviously the phenomenon here concerned is not a hypophysial mophthahnos’i 
or hypophysial ocular manifestations alone, but a group of kjpophysid symptom's 
lolmh may develop in different parts of the body hut arc principally encountered in tk 
retrobulbar tissues and in the eye region. It is a hypophysial syndrome, associated in 
some unhiown way with disturbances in thyroid function, for which it is dilficuU to 
find an adequate name as long as the precipitating hypophysial factor has not Icon 
identified. The denomination thyro-hypophysial syndrome may be suggested. Jleans 
(44, 45) has spoken of Graves’s disease, classic Graves’s disease or ophthalmopatliic 
Graves’s disease, and hj^perophthalmopathic Graves’s disease with or without 
thyrotoxicosis. The corresponding terminology would, then, he simple thyrotoxi- 
cosis, thyrotoxicosis accompanied by the thyro-hj'pophysial syndrome (of varying 
degrees), or thyro-hypophysial syndrome alone (without thyrotoxicosis). 

With regard to the asymmetric or unilateral exophthalmos, sometimes occurring 
under the same conditions as the bilateral form ( 6 , 16, 29, 34 a, 62), the following 
statements may be made. Some difference in EOV between the two eyes is present 
in a large number of cases (9, 16, 32), as was established in the present material 
also (Table 2). Wahlberg (75) suggested that the unilateral variety of exophthalmos 
is a type of the so-called Seehright-Bantam syndrome, in which the sensitivity of 
one end-organ (the eye) to its tropic hormone is impaired. In sonic of the present 
cases I observed a difference in degree of reaction between the two eyes, which 
lends support to this view (Table 2). 

It is a fact deserving of some consideration that a maximal eye reaction is some- 
times obtained preoperatively as a result of the preoperative (= medical) treat- 
ment. By a slow medical thyroidectomy, achieved by medical therapy, it is thus 
possible to bring about a maximal primary reaction in some cases; after this there 
is no additional reaction following th}T:oidectomy. Taylor, Larp & Botli (0 . ) 
treated thyrotoxic patients with propylthiouracil and observed in some cases a 
marked eye reaction. On some of these patients subtotal tlowoidectora} was re - 
formed later, after which the rate and degree of reaction was , 

results are interpreted as an indication for surgical therapj m cases wi i ^ 

eye signs in question. It may, Uo^er, seasonably be assumed ‘ f 
mas duo to tie fact tbat the eyes had reacted 

already prior to the operation. The reaction is slowes t an ( 33 ). 

opesaion in many cases, as was obsessed also by Ee.erw.llcs W 
This is of some significance in the treatment of cases slim g 
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plicnonicna, in which a clis]iosition for malignant exophthalmos must be regarded 
as present. Dobyns (1.3) believes that the more rapidly a malignant exophthalmos 
develops the greater is the risk of the eyes being lost. Apparently on the same 
grounds .Vranow ct nl. (d), Beicrwaltes (.5) and Mahaux (.37) have recommended a 
thyrostatic therapy in the U-pc of syndrome here discu.ssed. This offcr.s, moreover, 
in most cases the possibility of making the ])aticnt thyrotoxic again if the eyes 
are endangered. If a thjToidcctomy has been performed there is, of cour.se, no such 
chance. For the same reasons Hertz, Moans A M illiains, (2G) Soley (O-b) and Soley 
& Stone (05 a) recommended irradiation of the thyroid in cases of this type. 

It appears in Table 1 that signs of a thyro-hypojdiy.sial syndrome were initially 
present in 00 per cent, of all cases. The significance of the clinical eye signs as a 
manifestation of h\-]iophysial involvement in the development of the clinical state 
is evidenced by this and by the data given in Table 3. In the latter it. is seen that, 
an increase in the average BOV runs jiarallel with an aggravation of the dinicnl 
state. At all events the clinical picture seems to he a more reliable index than the 
initial EO\ as far ns individual ca.^cs are concerned. In the severest group 
for instance, BOV lies between lO.O and 28.2, and there is a great 
degree of overlaj) between the different, groups. 


Summary. 


The present paper is a part of an inve.stigntion on the ocular reactions and the 
development, of c.vophtlinimos in tliyrotoxico.sis. The results ]>resented liero relate 
to the primary ocular re, act ion during the treatment of thyrolo.xif'osis. B.vojdithal- 
momefry was performed with a Hertel exoplithalmoimder. The clinical eye signs, 
chiefly oedema (Ihiroth's sign) and jmffine.ss of tlie lids (Vigoron.Y’.s. S.'ittlerV 
sign), and filling or obliterntiou of the upper orbito-palpebral sulcus (I’osey A 
Spider’s .sign) were observed. The material incliide.s .57 (';ises of thvroloxicosis, of 


wliich 41 were treated by subtotal thyroidectomy and IG were medically treatctl. 
It appears from the rc.sult.s (hat the e.xophthalmometcr values (BOV) wt'rt' in- 
creased by the treatment of thyrotoxicosis in altout 72 ]iev cent of cases. Simul- 
taneously the ahove-mentioiied clinical eye .signs a])])e.'ircd, or were ageravated if 
already present. Post operatively there wsis a maximal priumn/ rcitf'lioii within one 
to two weeks. In (he eases .sliowing oedema ami pnffiness of (lie lids and/or filling 
of the upper or ito-pnljiebral sulcus by a soft, pidpablc protuberance ]irior to iroat- 
nient a reaction occurred in about 88 per cent of eases. In the other.s (he rate of 
reaction was about 48 per cent. The .significance of these results is discu.ssed and 
it is emphasized (hat (lie risk of an increase in the exophthnhnometer values on 
norm.alizatiou of thyroid function may he. estimated by observing the initial elinieal 
eye signs. The pathogcnesi.s of the ocular phenontena ami tenninohxTV are dis- 
cussed: it is ])oinled out that the eoneejit exophthalmos cannot l,c .saBsfar-torilv 
defined, and that tlic denominations hjimpliy.sial >'exo]>hthnlmos.' and, in iiar- 
ticular ivthyrotropic cxoph(hnlmos.> are not ap])ropriate in vimv of (he faet that, the 
cxoplithahmc component has not yef. heen isolated. Furthermore it is polutal out 
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that the ocular phenomena in question apparently are only one aspect ol a • , 

Str-T ^inhnoion xmy with thyrogenio disturbances anlmZ- 

mg Itself as oedema and puffmess of tLe lids, obliteration of the upper orbito 
palpebral sulcus (and other eye signs accompanying malignant exoj^hthalmos) 
varying in degree, local myxoedema, and temporal or facial oedema. The denomina- 
tion thyrohypophysial syndrome is suggested as a more adequate term. 

_ A difference between the two eyes with regard to reactivity ivas demonstrable 
m some patients, which seems to suggest that the unilateral form of exophthalmos ac- 
companying thyrogenio disturbances may be a manifestation of the Seebright-Bantam 
syndrome. Furthermore it is emphasized that the present results are evidence in favour 
of the view that what has been distinguished as t>lkyrotoxic» and Dthyrotropm varieties 
of exophthalmos are different degrees of the same phenomenon. 

It is further emphasized that the degree of severity of the thyro-hypophysial syn- 
drome should be estimated principally on the basis of the clinical eye signs and nothj 
the exophthalmometer values as far as individual cases are concerned. The sig- 
nificance of occasional exophthalmometer readings, few in numbm' and taken 
under varying conditions, is doubted. 


Addendum. 

"Whilst this paper was in preparation, B. M, Dobyns & S. L. Steelman (Endo- 
crinology 1953: 52: 705) reported investigations on the relationship between the 
thyrotropic and exophthalmic effect of various thyrotropic preparations. They 
were not able to demonstrate any correspondence between these two reactions 
and allege this as further evidence in favour of the view that the exophthalmic 
factor is not identical with TSH. 
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On the Significance of Peptic Digestion. 

By 

PEIOCA BRUMliIER and MAIJA YLI-POHJA. 
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The opinion of the relative importance of chemical and mechanical factors in 
gastric digestion has varied at different times. During the 19th and at the begin- 
ning of the 20th centirry the chief emphasis Avas jdaced on the chemical side of 
gastric function. It Avas held in particular that peptic digestion was of great im- 
portance for protein digestion and absorption. One cannot, hoAvcAmr, euAdsage that 
the vitally important protein digestion could be so poorly proAuded for that lack 
of peptic digestion A\’ould cause disturbances. Peptic digestion is transiently or 
constantly deficient in a great many clinically otherwise healthy persons, i. e., in 
persons AA'ith achlorhydria. In persons AA’ith acid gastric secretion, also, the gastric 
content usually attains a sufficient acidity to make peptic digestion possible to a 
sufficient degree only 1 to I’/i hours after a meal (c. g., Brummer and Kuikka). 
In actual fact, protein digestion has ncA'cr been found to bo disturbed in achlor- 
hydria if Ave use the total nitrogen absorption as an indication. This is Avell under- 
stood, since the enzymes of the tr^^isin group can digest natiAm proteins without 
•difficult j'’. After total gastrectomy, also, protein digestion is normal according to 
scA-^eral investigators (MacDonald et ah, Parris et ah); according to others some dis- 
turbances are, hoAvcA^er, eAudeut (Toraoda, EAmrson). 

It Avas the object of the following study to observe AAdiethcr, regardless of a nor- 
mal total digestion, the lack of peptic digestion causes a delay in the first jihase of 
protein digestion and absorption. 

The glycine test of Christensen and ShAvachmau Avas used in the experiments. 
The test persons ingested 1.5 grains of gelatin per kilogram of body weight in 30 
ml of warm A\^ator per kilogram. Venous blood was collected just before and 2, 3 
and i hours after the feed. The glycine content of the blood samples Avas deter- 
mined according to Alexander ct al. 

The first test group consisted of 21 persons Avith achlorhydria. Four of these suf- 
ered from pernicious anaemia. In the remaining 17 cases the diagnosis of achlor- 
hydria Avas in U cases based on repeated histamine tests and in 3 cases on one 
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Fig. 1. Besults of glycine test in persons with achlorhydria. 


test only. The achlorhydric group comprised 14 women and 7 men, whose average 
age was 52 years. 

The second test group consisted of 10 persons on whom subtotal gastrectomy 
had been previously performed for peptic ulcer. There were 2 women and S men, 
with an average age of 50 years. 

Twenty persons (6 women and 14 men) with normal acid gastric secretion formed 
a control group, in which the average age was 43 years. 
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Fig. 2. Results of glyciiio test in persons with nn oorlior subtotal gnstroctomj'. 


None of the test persons tvas affected witli severe digestive or other organic 
disease. 


Results and Discussion. 

The results obtained in the different test groups arc shovnin Figs. 1 — 3 and the 
mean values for each group arc given in Fig. 4. 

No marked difference was seen in the mean values for the persons with achlor- 
hydria and those with acid gastric secretion. In both groups the rise in the plasma 
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concentration of glycine 2 hours after ingestion of gelatine was the same. In indi- 
Audual cases the glycine level varied in persons with achlorhydria over a somewhat 
greater range than in persons with acid gastric secretion. Four hours after ingestion 
the glycine level appeared to be slightly lower in the achlorhydric group than in 
the other test groups. In view of the great range of dispersion of the glycine values 
in indi\’idual cases, the difference, however, must be regarded as uncertain. In the 
gastrectomy group the rise in the glycine concentration 2 hours after inge.stion was 
greater than in any of the other groups. This is seen both from the mean values 
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Fig. 4. Mean glycine values for the different test groups. 

Persons with nchlorhydrin. 

Persons with an earlier subtotal gastrectomy. 

— — — — Persons with acid gastric secretion. 


and the individual values which latter do not include as many relatively low curves 
as seen in the other groups. 

In evaluating these results it should be noted that the tests were made with 
protein dissolved in water, which is emptied from the stomach more rapidly than 
solid protein. Different results may perhaps he obtained after the ingestion of 
meat in solid pieces, for instance. 

Under the test conditions used, the results obtained indicate no difference in the 
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rate of protem dipstion and absorption in persons rvitb acid gastric secretion and 
those rritb aetlorhydna. On the other hand, protein digestion is apparently IZ- 
yrhat more rapid in persons who have had a subtotal gastrectomy. The probable 
cause of this difference is the higher -gastric emptying rate in these persons, which 
brings the ingested gelatine more quicUy under the trypsm digestion. Fo’llovrintr 
on this interpretation the results obtained are against the concept still held hv 
many that the gastric emptjdng rate is increased in achlorhydria, since, if this were 
true, an abnormal rise in the glycine level could have been expected also in the 
persons with achlorhydria. The fallacy of this old theory of the rapid emptying 
rate in achlorhydria has already been proved by, for instance, the earlier invcstiga'- 
tions of one of the present authors (Brummet and Bundul). 


Summavy. 

The authors have observed the rise in the plasma glycine level after the ingestion 
of gelatine. No difference was found between persons with achlorhydria and those 
■with acid gastric secretion. On the other hand, in persons with an earlier subtotal 
gastrectomy the rise in the glycine concentration was apparently somewhat greater 
than in the other groups. The authors are of the opinion that this probably is a 
result of the more rapid gastric emptying rate in these persons. 
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Higher organisms exist in the ever-changing external environment thanJcs to 
the continuous equilibrating function of the central nervous system. Through 
a permanent out-flow of impulses to all organs and structures in the body, all 
the activities of the body undergo continuous modification. The functions of 
the body depend on an adequate supply of energetics and also on an adequate 
elimination of all the wastes. It is, therefore, natural that the circulatory system 
must be continuously adapted to ever changing requirements. It is therefore 
controlled either directly or indirectly — through the intermediacy of humoral agents 
— by the leading influences of the central nervous system. The central nervous 
system is at the same time continuously informed about the conditions of the 
blood supply of the various parts of the body through nervous endings (intero- 
receptors) situated not only in the well-known locations such as the aortic and 
carotid sinus bodies but distributed throughout the whole cardiovascular system 
(Bykov (4), Carnyj, Krasovickaja, Lanteva and Plutenko (5), Peterson (22)) 
which are the starting points of vaso-motor reflexes. 

IVhen the diseased heart starts to fail, the ability of the cardiovascular system 
to respond adequately to the requirements of the body decreases. It ma}’- be 
supposed that the changed blood supply and, in consequence, the changed metab- 
olism of the inadequately supplied regions, is the starting point of new impulses 
and, thus, of new reflexes altering the whole cardiovascular system. It seems 
likely that at the same time these impulses alter the whole reactibility and func- 
tion of the organism which is gradually adapting itself to the new conditions 
created by heart failure. A new steady-state develops. It was found by others 
(7, 16) and by ourselves (3, 8) that heart-failure is characterized not only by a 


* A preliminar3r 
Cardiology in Paris 


report of these results was presented at the 1st International Congress of 
in J9o0 (published in the Comptes Rendus of this congress). 
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dhmnished performance of the diseased heart but also by an altero.l f, r 
of the whole cardiovascular system. The tendency to a fallen 1 1 ' i ^ ^"“ction 
to the diminiehed cdiac ou put is counretoctTa bv iSh 1 
This dife in de„„e i„ p„is 

Of blood to various organs. A regular finding in congestive heart failure i TZ 
m venous pressure, explained by the majority of authors as a passive eo w st 
behind the failing right ventricle. There are, however, several indicaticf S 
veins are not passive tubes. Already Starling (2G) suggested that active venocon- 
striction might occur in heart failure. This is also postulated on indirect t-rminds 
m asphyxiated dogs by Starr, Jeffers and Meade (27) who also found that°a gros^ 
damage to the right ventricular muscle does not eausc per sc a passive elevation 
of the venous pressure. That veins have an active tone was pointed out already 
by Plesch (23). Evidence in favour of this statement can be found in everyday 
clinical practice e. g. in the disappearance of veins when touched by an injection 
needle. An active venous spasm prevents at times an easy introduction of tlie 
cardiac catheter and can be releaved almost instantaneously by an instillation 
of a few drops of a 1 % Procaine solution through the catheter. That an active 
elevation of the venous tone might be the cause of the increased venous pressure 
in heart failure seems to follow from the observations of Eelman and Epstein 
(24), Hayward (12) and Halmagyi, Eelkai, Ivanyi and Hetcnyi (11), who .suc- 
ceeded in reducing venous pressure in heart failure by TEAC or TEAB. 

The mechanism through which the tone of the arterial and possibly of the 
venous part of the vascular bed is increased in heart failure and through which 
a new equilibrium is attained, has not yet to our knowledge been systematically 
investigated. From what has been said at the beginning, it seems that the changes 
must be mediated by the central nervous system. It can be, of course, questioned 
whether these supposed nervous influences affect the cardiovascular bed directly 
or through the intermediacy of some endocrine glands. Besides, some regulatory 
humoral mechanisms might be brought into action through direct changes of 
the blood supply or of the metabolism of various organs. 

We tried to find an answer to the question which of these changes develop a? 
a direct consequence of nervous influences by eliminating nervous adrenergic 
impulses affecting the blood vessels by Dibenamine (N,N dibenzyl-^-chlorethyi- 
amine). This substance is, according to Nickerson (20) the most specific adrenergic 
blocking agent and its probable effect is a competitive one: combining witli tlic 
effector substance in the smooth muscles of the vascular wall, it proven s ‘pi- 
nephrine (Nor-adrenaline?) and Sympatbin E from entering into com 
with this substance. Dibenamine does not interfere with the liberation of Lp - 
nephrine from the adrenals and does not prevent Epinephrine ^ 

action on the striated heart muscle. It has a slight mconsta^ ^ 

on the central nervous system. However, its peripheral effect does "O 
be mediated by the central nervous changes, the reaction «ceDl«^ 
histamine, morphine, ergotaraine, angiotonmc and pitrcssm not 
by Dibenamine. 
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Methods. 


The investigation was carried out in 22 subjects, 5 of which were healthy, 2 were 
compensated cardiacs with mitral stenosis and 15 (8 males and 7 females) were cardiacs 
in failure of a various degree and severity. Their diagnoses are obvious from table 1. 
All subjects were kept in bed for several days prior to the investigation, they were on 
a normal ward diet and they were not treated by any cardiotonics or diuretics. On the 
day of the investigation thej' had a breakfast consisting of 250 ml of fruit juice and 
1 biscuit and jam. The investigation started 6 hours after this breakfast and lasted for 
4 to 8 hours. During the course of the investigation the subjects were kept recumbent 
and except for a small sip of fluid, they had nothing to eat or to drink. 

The details of the experimental procedure were described in a previous paper (3). 
The investigation started about 1 hour after the introduction of the cardiac catheter, 
when the initial apprehension of most of the subjects disappeared and gave way to 
relaxation. During the following 90 to 120 minutes the blood pressure, pulse rate, 
respiration rate, respiration volume, ratal capacity, oxygen consumption, cardiac out- 
put, arterial and mixed venous blood ox 5 ’'gen content and right auricular pressure were 
measured. When a satisfactory check of the successive values of the blood pressure 
and pulse rate was obtained, Dibenamine was administered in an intravenous drip. 
The dose varied between 3 to 10 mg per kg b. w. dissolved in 100 ml saline. The infusion 
was allowed to run for 29 to 64 minutes. All the estimated values were followed closely 
during the time of the infusion and for 1 to 4 hours afterwards. In 1 subject Dibenamine 
was substituted by 1 ml of Dih 3 'droergotaraine Sandoz i. v. This substance is thought 
to be an efficient adrenergic blocking agent. However, it is less specific than Diben- 
amine and much of its action is mediated by the central nervous system. Besides its 
action is of short duration, whilst that of Dibenamine develops gradually and lasts up 
to 24 hours. Blood-pressure was measured by a mercury manometer and by the aus- 
cultatory method of Korotkor'. ^Respiration rate, respiratory volume per minute and 
vital capacity were estimated by Krogh’s metabolimeter (no correction was made for 
the absorbed expired CO.). Right auricular pressure was estimated by a water mano- 
meter attached to the cardiac catheter. Circulating plasma volume was estimated with 
Evans’ blue using the extrapolation technique of Gregersen and Stewart (10). The 
circulating blood volume was calculated from this value, the relative proportions of 
plasma and red blood cells having been estimated by Wintrobe’s haematocrit spun at 
3,000 revolutions per minute. From the data the following values were calculated: 

1) Mean arterial 'pressure was arbitrarily estimated as a mean of the systolic plus 
diastolic pressure. 

2) Peripheral vascular resistance was expressed in dynes and was calculated from the 
following formula: 


PprmE ..po.-of arterial pressure X 1,332 

r ripn. resist. — - — ^ normal values he between 1,000 

Cardiac output 


60 


and 1,400 dynes cm-= sec. 

3) Oxijgen utilisation was calculated as oxygen consumption e.xpressed as percent of 

the oxygen load x ^ The oxygen load was calculated as 

the product of the cardiac output and the arterial oxygen content 

/Card, output ml x Art. 0.) 


100 


Its average normal values are 15—20 % 
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vitel ^pacify. Our normal values are 1.2~4.2 with per ininut/‘ and 

6 , 5 ”- 

in to provide 100 ml of oxygen to the organism / ^^spiratory volume/l min. \ * ' 
values range from 3 to 5. oxygen consumption) 
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Results. 


Accor^ng to Nickerson (20) miosis is tho first sign of Dibenamine action in 
man. This sign was observed without exception in all our subjects who received 
pibenamine and it appeared 16 to 122 minutes after the start of the Dibenamine 
fusion. 8 subjects complained of a feeling of dryness in the mouth appearing 
m one instance already 12 minutes after the start of the Dibenamine infusion! 
Other subjects experienced nausea and vomited some 1—3 hours after Diben- 
a^e. Mental changes resembling light alcohol into.xication, change of mood 
with occasional visual hallucinations appeared in 8 subjects. In 2 subjects there 
was a marked mental depression and in one beav}' drinker mental changes re- 
sembling delirium tremens appeared. All of these changes subsided within 2 to 
3 hours after the start of the infusion. Mental changes and vomiting occurred 
in all 4 subjects who received the highest dose of Dibenamine, t. c. 10 mg per 
kg b. w. They were slight or absent in those subjects who received 5 ing or less 
Dibenamine per kg b. w. No toxic changes appeared in the subject vho receiwed 
Dibydroergotamine. 

It may be stated already here that the haemodynamic changes which will be 
described forthwith and which appeared with a great regularity in all of the 
investigated subjects were independent of the toxic phenomena described above. 

All the data of changes occurring after Dibenamine or Dibydroergotamine are 
computed in table 1, the first value being always the average of at least two 
control measurements prior to the administration of the adrenergic blocking agent. 
The results of 2 typical experiments, one in a normal subject and one in a severely 
deoompensated cardiac are presented in fig. 1 and 2. 


SubjectlM. P. (No. 2) was a 35 years old female, convalescent from an attack of 
pyelitis with normal urinary findings and normal renal function at the time of the m- 
vesti^ration. Repeated estimations of the cardiac output, pulse rate, blood pressure and 
rif^ht auricular pressure before the start of the Dibenamine infusion gave approxiina c _v 
the same result. The infusion of 500 mg Dibenamine (10 mg per kg b. w.) vvas started 
some 150 minutes after the beginning of the first control measurement and t he inlusio 
ran for 70 minutes. Immediately after the end of the infusion cardiac output 
from its pre-infusion level of G.cs liters to S.oi liters, whereupon it started ‘<1 
towards ke end of the experiment some 4 hours after the beginning of the i ifu n 
attained a low level of 2.94 liters per minute. These changes '’f f ® 
due to alterations of the stroke volume. This is clearly born out > whercution tlw 
was a steady drop of the pulse rate during the infusion of at 

pulse rate increased from 72 to 120 — 135 per minute and remain PP - 
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the same level during the whole rest of the observation whilst the cardiac output was 
diminishing to about 1/3 of its highest level. The blood pressure started to decrease 
already some 30 to 40 minutes after the start of the Dibenamine infusion. Towards its 
end it attained the value of 90/60 mm Hg, later it increased again towards its initial 
level (105/70). It is obvious from fig. 1 that the peak of the cardiac output coincided 
with the lowest levels of the blood pressure. This points to a reduction of the peripheral 
vascular resistance which decreased from a control level of 1,078 dynes to 685 dynes. 
During the later stage of the observation when the cardiac output fell and blood pres- 
sure increased, there was a marked rise of the peripheral vascular resistance attaining 
towards the end of the observation 2,265_ dynes. The changes of the right auricular 
pressure were very small and probably unsignificant oscillating between -f 1.7 cin HjO 
towards the end of the infusion of Dibenamine and — 1.5 cm H«0 some 60 minutes 
later whilst the control pre-infusion figures averaged — 0.5 cm HjO. 

Analogous changes were found in another normal subject M. B. (No. 1). Subject 
B. M. (No. 3), 0. Z. (No. 4) and 0. S. (No. 5) exhibited anxiety in the course of the 
whole observation. They were tense, the two latter had wide pupils and the blood pres- 
sure and right auricular pressure were at the upper Umit of the normal level or slightly 
above it. Dibenamine depressed both these values towards normality. There was an 
increase of the cardiac output in subject B. M. and 0. S. whilst the cardiac output in 
subject 0. Z. exhibited only a dubious change. The fall in blood pressure with an un- 
changed or increased cardiac output is again an expression of a diminished peripheral 
resistance. 

The course of the experimental observations in subject B. D. (No. 18), a 56 years old 
female suffering from a rheumatic heart disease with mitral stenosis, auricular fibrilla- 
tion, marked congestive heart failure, with a relative tricuspid incompetence, is presented 
in fig. 2. Her cardiac output averaged 2.25 liters per minute. Like in the normal sub- 
jects, a tendency towards a rise of the cardiac output was noted towards the end of 
the Dibenamine infusion which was allowed to run for 62 minutes. The rise continued 


until the 110th minute when the cardiac output reached 4.2 liters. One hour later a 
gradual decrease towards 3.4 liters was observed. There was also a transient increase 
of the pulse rate. Like in normal subjects the peak of the pulse rate did not coincide 
with the peak of the cardiac output; also here, therefore, the increase of the cardiac 
output was due to an increase in the stroke volume. The initial values of the blood 


pressure were low (95/60 mm Hg). Under the influence of the adrenergic blocldng agent 
they decreased very unsignificantly to 85/55 mm Hg. The combination of an increased 
cardiac output with an almost unchanged blood pressure points again to a diminished 
peripheral resistance: it fell from 2,700 dynes to 1,370 dynes at the time of the highest 
increase of the cardiac output, rising towards 1,870 dynes in the second half of the ob- 
servation. Changes of the right auricular pressure were observed as early as 20 minutes 
after the start of the Dibenamine infusion. 2 hours after its beginning, right auricular 
pressure fell from the initial value of 25 cm H^O to 16 cm HjO. 

The results in the remaining subjects with heart disease are analogous. The only ex- 
ceptional findings are in subject T. D. (No. 21) in whom there was neither acceleration 
of the pulse ra,te nor any increase in the cardiac output, although her peripheral resistance 
and right auricular pressure fell in the usual way. In subjects E. Ch. (No. 11) and J. K. 
(No. 12) there was a slowing instead of an acceleration of the pulse rate. In the one 
subject who received Dihydroergotamine (F. P., No. 8), cardiac output increased from 
o.c to 6.5 liters/minute. There was an acceleration of the pulse rate from 108 to 120 
per minute and peripheral vascular resistance fell from 1,400 to 1,038 dynes. Changes 
ot the right auricular pressure in this subject were irregular and rather unsignificaut. 

The higher the original values of the right auricular pressure and of the peripheral 
vascular resistance, the greater was the extent of their reduction following Diben- 
amine (fig. 3 and 4). The slightly elevated values of the right auricular pressure 
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Tnlilc 

Haemodynamic and respiratory changes after adrenergic blochadc with Diknnminc or 

stages of 

a = dosis of Dibenamine in mg and duration of the infusion; li = time after tlic onset of tlic in- 
output ml- 1 = Blood pressure mm Hg; m = mean arterial pressure mm Hg; n = peripheral vas- 
Tolu^me ml’- r = Oxygen utilisation %; s = respiratory volume ml; t = respiration rate/l min.; 
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I. 

Dihjdroergotanune {DHE 45) in normal subjects and subjects ivitli heart disease at various 
heart failure. 

fusion; i = O.xygen consumption ml/ 1 min.; j = A — ''f oxygen difference ml %; k = Cardiae 
oular resistance; o = right auricular pressure cm HjO; p = pulse rate/l min.; q = circulating blood 
u = respiratory volume per minute; v = vital capacity ml; rv = Harrison’s inde.v; x = Ventilation 
lent. 
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in subject No. 4, of the peripheral vascular resistance in subject No, 5 and of 
both these functions in subject No. 3, which, as mentioned previotislv, ^'cre 
presumably due to emotion, fell after the administration of Dibcnaminc to normal 
values. Although the changes recorded in fig. 4 and 5 are similar, two differences 
between them may be noted: 1) Whilst there was a reduction of the peripheral 
vascular resistance in all subjects, including those whose peripheral vascular 
resistance was normal, a decrease of the right auricular pressure occurred oni\ 
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— 

— 

5.803 


90/50 

70 

1,599 

8.5 

84 

31.8 

330 

27 

8,910 

750 

n.9 

5.2 


115/65 

90 

1,480 

6.5 

80 

24.9 

300 

27 

8,215 

710 

n.55 

4.5 


110/65 

87 

— 

6.5 

86 

— 

— 










115/65 

90 

1,562 

6.0 

90 

25.1 

300 

27 

8,100 

700 

11.57 

4.5 


86/52 

69 

1,218 

5.0 

90 

25.5 

310 

28 

8,680 

750 

11.57 

4.7 


86/52 

69 

2,175 

4.5 

86 

27.7 

300 

27 

8,100 

050 

12.46 

4.5 


165/115 

140 

2,979 

26.0 

78 

40.8 

300 

47 

14,100 

1,700 

8.31 

4.98 


155/110 

132 

— 

— 














175/120 

147 

1,300 

19.5 

90 

25.0 

260 

42 

10,930 

1,250 

8.75 

2.91 


190/120 

155 

— 

15.0 

100 

34.3 

— 

— 







in 17 instances; it did not fall in the first two normal subjects and it remained 
unchanged or rose slightly above its original value in 3 subjects with heart disease 
{l\o. 6, 8, 16). 2) The fall of the peripheral vascular resistance was transient and 
It started to increase again some two hours later. On the other hand the fall of 
the right auricular pressure continued throughout the whole duration of the 
observation m 7 of the 11 subjects where this biphasic response of the resistance 
was observed. It remained unchanged in two subjects and only in two subjects 
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Jig. 1. Haemodynamic changes in a normal subject after Hibenamine. 


E slight unsigoificant increase of the right auricular pressure tvas observed during 
this second phase. 

There was an obvious correlation between the extent of the fall of fbe right 
auricular pressure or peripheral vascular resistance and their original values. 
ITo such correlation could be found between the original value of the cardiac 
output and its subsequent increase, nor could any relationship be noted betveen 
this transient increase of the cardiac output and the degree of the heart failure 
or dose of Dibenamine. The range of the transient increase of the cardiac output 
was between + 20 and + 313 % of its original value and the majority of the 

values lay between + 30 and + 90 %. r ii ' 

The first part of our observation may be summarized as follows: Following 
the adrenergic blocking agent there is a reduction of the increased right auncu ar 
pressure almost towards normal values in subjects with heart failure "it i 
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Fig. 2. Haemodynamic changes after Dibenamine in a subject ivith heart failure. 


simultaneous transient reduction of tlie peripheral vascular resistance and an 
increase in cardiac output. In those subjects whose right auricular pressure was 
normal, Dibenamine did not produce any significant reduction of its value whilst 
it still reduced, though to a slight extent, peripheral vascular resistance and it 
increased the cardiac output even in normal subjects. 

The next problem to answer is the time relationship of these changes and the 
question which of these changes are primary. 

TMs answer will be difficult to find in observations which were not continuous. How- 
ever, we may see from the data in the table and from fig. 1 that in 4 subjects (No. 1, 
\ cardiac output increased whilst the right auricular pressure remained un- 

cnanged. In subject M. P. (No. 15) whose right auricular pressure fell only very slightly 
from 7 to 6 ym H,0, the cardiac output rose from 2.6 to 4.0 liters. In subject F. V. 
(ho. 6), the increase in cardiac output was even accompanied by a slight rise from 5.5 
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Fie 3 Chances in the right auricular pressure after Dibcnaminc in normal sub, ^ „ ml in subjects 

with heart failure. 

to 7.0 cm H,0. On the other hand in subjects 0 Z. (No. i) and J- ^<o. ’ J)' 
of the right auricular pressure ^vas accompanied by almost ' f,, 

output and in subject A. G. (No. 1) .vas observed an ^ 

pressure which was accompanied by a decrease of ^ 

of the transiently increased cardiac output was \ ti e' be amv-'r-ed 

rise of the richt auricular pressure as would be the case, JiouW 1 g , 

relationship between these two functions. On ^Xnld\uriclr r'-^mte in' ’l to 
16 17 and 20, there was a further diminution of the right auriciilar ,r- 

4 cm H;0, during this secondary fall of the cardiac oiitpu . 

Hence, we may conclude that there is no simple correlation bctw.en the change, 
of the right auricular pressure and of the cardiac ou pu^ 

A far better correlation was found between the t . .(jplit 

output and the full of the periphera vascu ar data .speak 

exceptions were noted to this genera ru c, i ^ Peripheral vascu'ar rc.ri.^.tnncc 
in favour of the conclusion that cardiac output and peripheral 

changed hand in hand. 
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Fig. 4, Changes in peripheral vascular resistance after Dibenamine in normal subjects and in subjects 

with heart failure. 


Three possible explanations for this relationship offer themselves; 

1) The action of the adrenergic blocking agent on the cardiac output and on 
the peripheral vascular resistance was independent on each other. 

2) The adrenergic blocking agent improved in some way the efficiency of the 
heart and the fall of the peripheral vascular resistance was secondary to this 
increased efficiency of the heart. 

3) The adrenergic blocking agent diminishing the peripheral vascular resistance 
and consequently also the blood pressure brought into action secondary homeo- 
static mechanisms acting on the heart and counterbalancing by an increased 
cardiac output the fall of the peripheral vascular resistance. 

The possibility of Dibenamine influencing directly the cardiac output seems 
to be very remote since Nickerson’s demonstration that Dibenamine did not 
interfere with the Epinephrine stimulation of the heart in animals. On the other 
hand it is efficient in the prevention of the cardiac arrhythmias in Cyclopropane 
anaesthesia which points to some beneficial influence of Dibenamine on the heart. 
And since it was demonstrated by Gollwitzer-Meier (9) that the sympathetic 
has an adverse effect on the metabolism of the heart muscle, it seems necessary 

20—540063. Ac{a med. Scandinav. Yol. CXLVIII. 
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to investigate the possibility of an improved metabolism of « 
a consequence of the blockade of adrenergic stimuli. ns 

n e tried to fmd an answer to this question bv cxamininfr ^ i 
effect of bilateral anaesthesia of the stellate’ ganglia iUtliou\ it 
« part ot tie sympattctic fibora reacbea the hear, without pSLag the" I", 
they are, however, the cross road of the majority of the si-mpatlietic fiber” f 
*ff Dibenamine increase the cardiac output by removing the adverse 

effect of the sympathetic impulses on the heart muscle, it was thought that block- 
ing of the majority of the sympathetic fibers should produce at least a qualitn 
tively similar effect to that of Dibenamine. ^ 


This investigation was carried out in 5 subjects. The anaesthesia of the stellate ennelion 
was performed with 5 to 10 ml of 1 % Cocaine solution (Cocaine was used in-ite.ul of 
Procaine in order not to interfere with the determination of p-aminohippiiric acid u«e(l 
in the study of the renal plasma flow) by technique of Herget (13). 

The anaesthesia was thought to be successful when the Claude Bcninrd-Horner syn- 
drome appeared on both sides. In one subject (R. H.) the data were discarded because 
Cocaine penetrated quickly in the blood stream and produced central nervous symp- 
toms resembling alcoholic intoxication. There were no adverse signs or .symptoms m 
the remaining 4 subjects. 


The results in one of the subjects are presented in fig. o. It may be seen that there 
was an insignificant change of the cardiac output following the stellate ganglion anaes- 
thesia and the blood pressure, peripheral vascular resistance and right auricular jtressuro 
remained ^^^tually unchanged. The pulse rate which was steadily decreasing from the 
beginning of the observation, reached immediately after the stellate ganglion ntwes- 
tbesia its lowest values. The changes produced by Dibenamine, administered 80 minutes 
later, were in sharp contrast with the effect of previous elimination of the sympathetic 
impulses reaching the heart and were similar to those previously described: the cardiac 
output and the pulse rate increased whilst peripheral vascular resistance diminislicd 
and there was a marked fall of the right auricular pressure. 

Changes of the cardiac output, peripheral vascular resistance and right auricular 
pressure in the remaining 3 subjects were similarly unsignificaut. 


These results seem to warrant the conclusion that the transient increase in 
the cardiac putput after Dibenamine is not due to any interference with the 
nervous (sympathetic) impulses reaching the heart.^ 

Thus the first two possible explanations for the increased cardiac output arc 
refuted. The third possibility remains to he investigated. Several homeostatic 
mechanisms are brought into play when blood pressure starts to decrease. Out 
of these, renin, hypertensin andYBil are not known to increase the cardiac out- 
put and just the opposite, f. c. a fall of the cardiac output was desenbed after 
the first two (Bradley and Parker (2)). The possibility that Epinephrine v as the 
agent responsible for the transient increase of the cardiac output when 
resistance was diminished seems on the other hand to he the more 
as it would explain at the same time the observed acceleration of ^ 

Two kinds of e-xperiments were designed in order to examine 
In o subjects haemodymamic effects of a liyToderm.c injection of 1 in of a 1/ , 
solution of Epinephrine were compared with those of a sutec'juc 
Dibenamine, administered some CO to 90 minutes later v = 
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Fig. 5. The effect of bilateral blockade of the stellate ganglion and of Dibenamine on haemodynamics. 

produced by Epinepbrine disappeared, and with the effect of a further hypodermic 
injection of the same amount of Epinephrine given at the height of the Dibenamine 
action. In further 6 subjects the changes of blood sugar were followed before 
and after infusion of Dibenamine which according to Nickerson (20) does not 
interfere with the well known hyperglycaemic action of Epinephrine. 

Results of the first series of investigations in which the action of Epinephrine was 
compared with that of Dibenamine, are presented in table 2, An increase of the cardiac 
output by 22.3 to 57.9 % of its original value was noted in all 5 subjects between 10 
to 20 minutes following the injection of Epinephrine. This increase was due in the first 
place to an acceleration of the heart rate which occurred in all instances. The stroke 
volume, on the other hand, rose only twice, whilst it remained unchanged in one subject 
and fell in the remaining two subjects. Dibenamine produced only a minor change of 
the cardiac output in subject 0. Z. (No. i), whilst in the remaining subjects cardiac 
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Changes of the cardiac ontma and n( sVc 
•n-c fi.t n„. gwes eon.., 

nnt (I 



F. V. 
:J. S. 
0 . z. 


(42 I M ,R, H. D.; JI. S.i 
Comp. 


1.725 + 24 I150. + 2G jlS- 0.<};:!;^, 


•59 

;20 I F : Normal. 


, 3,990 i 92j i 43 i 0 ' ioj*!' ’■ c n- 

j 5.080j+27.3432|+ 43.51 S&DO,- 11.3 ioo;+21.o; too- 5.:fi:i7L.i 


i 


5 0. S. '23 


31, I.K.D.-.H.H.D.l 5,320! j 88' IfiO.. i .37'’ 7n- 

; K. I S;m4-b7.!>^ 92j-f 4.j9U |*f5I.2 42oj-f I3.o: s'.fl!) -‘20.3 

8,S40| ‘ C9, ( J20.S' Wli .^,js 

10,200.+ 22.3, 77|+ 11.5; 132.3 + 9.3 29.5'+ I .3 2.S« — 17 G.fiVi — 1 


Normal. 


6,025 


125' i 82 ; 


73>s 


175, 


I 2.V3 




8,340t-f 38.2,1201+ 46.0,09.4 5,0 217 + 24.0, 2.00 — n.3 x 3 


output incieped by 22.3 to 82." % compared with tlie control values at the start of 
the observation and by 6 to 56 % compared with tljc value.? immcfiiately prior to tlu' 
administration of Dibenamine. This increase was brought about ju 2 .subject.? .'olelv 
fay an increase in the pulse rate and in 2 by an increase in tlie stroke volume w]ii!,+ in 
the remaining one both factors contributed to this increase. In subjects ,1. K. ami 0. 8. 
in ■whom Epinephrine produced a rise of the cardiac output exclusiveh- by an accclcm- 
tion of the pulse rate, Dibenamine produced the increase in cardiac outjiut tliroiish 
an augmentation of the stroke volume with a simultaneous slowing down of tlie }«!»'' 
rate. 

Epinephrine injected at the peak of the Dibenamine effect produced an inetease in 
the cardiac output only in subjects J. 8. and 0. S. In both, there wa,s an increase of t!:e 
stroke 3'olume but only in subject 0. S. an acceleration of the heart rate was noted. 
In the remaining 3 subjects a slight decrease of the cardiac output occurrc<l. 

The mechanism of the increase in cardiac output after Dibenamine differed (jmilita- 
tively in 4 subjects from the mode of its increase after Epinephrine. Ee.sidcs, in 3 out of 
the 5 subjects Epinephrine affected the cardiac output at the time of the full Dibenamine 
effect only unsignificantly and in a rather invcrscd way. On the other hand, in 2 .‘<ub. 
jects the changes produced by Epinephrine at the jw-nk of the Dil>enaminc effect were 
similar to those produced by pure Epinephrine and to a certain c.xtcnt to the chancf'!' 
of the cardiac output produced by Dibenamine. 

These observations arc thus inconclusive. However, more reliable results wore 
obtained if the changes of the cardiac output were compared with the change? 
of the oxygen consumption. It is a well established fact that Epinephrine increaK-' 
the oxygen consumption in the body. Dibenamine docs not intCTfero with t tc 
metabolic effects of Epinephrine. Should, therefore, the increase in cardiac output 
after Dibenamine be a secondary consequence of the mobilisation of Epinepiirine, 
it should be accompanied by a concurrent increase in the oxygen consuinji wn. 
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I Dibenamine and C) Adrenaline injected during the action of Dibenamine. 

ocediiro. Tlie loft coJiimn contains absolute values, the right column indicates changes in per 
iginal value. 
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^Ve may conclude, therefore, that Epinephrine was not the mediating agent 
through which the diminished peripheral vascular resistance influenced the cardiac 
output. 

A consequence of the diminished cardiac output in heart failure and of the 
decreased oxygen load is an increase of the oxygen utilisation in the tissues. Due 
to this increased oxygen utilisation, the oxygen consumption reflecting the general 
tissue metabolism, remains unchanged in the majority of the cardiacs. In all our 
heart patients without exception the transient increase of the cardiac output 
following Dibenamine was connected with a fall of the arterio-venous oxygen 
difference and hence also of the oxygen utilisation. This behaviour demonstrates 
that the transient increase in the cardiac output is connected with an improvement 
of the total circulation. The oxygen consumption increased in 18 subjects during 
the temporary rise of the cardiac output. However, its increase is in almost all 
subjects of a lower order than the increase in the cardiac output. 

It was surprising that the general improvement of the circulation during the transient 
increase in the cardiac output was neither connected with any significant or consistent 
changes in Antal capacity, nor in the Harrison’s index, although these two functions 
seem to be a very sensitme index of the degree of the cardiac decompensation. MoreoAmr, 
changes of the Harrison’s index did not parallel closely changes of the Antal capacity. 
This Avas due to the fact that irregular Amriations of the respiratory volume per minute 
occiured in the course of our observations. In 17 subjects there Avas some increase in 
the respiratory A'olume per minute at some stage of the observations folloAving Diben- 
amine. This increase was due in 5 subjects (No. 3, 5, 6, 10, 14) to a greater depth of the 
indiA'idual respirations. In the remaining subjects the predominant changes in the oxygen 
consumption after Dibenamine being small and that of the respiratory volume per 
minute being inconsistent, it follows that also the changes of the ventilation equivalent 
indicating how many liters of oxygen haA'e to pass to the lungs per minute in order to 
supply the organism Avith 100 ml of oxygen (our normal figures range betAveen 2.5 to 
4.5 liters) Avere also inconsistent. No regularity was found even among subjects belong- 
ing to the same etiological subgroup. 


Discussion. 

The following points seem to be born out by our obserAmtions; blocking of 
adrenergic impulses diminishes the increased venous pressure in congestiA’'e heart 
failure and leaves the normal venous pressure of subjects ivithout any evidence 
of heart failure unaffected. A similar effect on right auricular pressure Avas found 
in 3 subjects who had no eAudence of organic heart disease but A\’ho — showing 
definite signs of marked anxiety — differed from all the other subjects who Avere 
full}"- relaxed throughout the course of the obserAmtion. This reduction of the 
pathologically high Amnous pressure iu congesthm heart failure occurred irresp ec- 
tive of any changes of the cardiac competency as judged by the cardiac output 
and of any changes on the arterial side of the vascular system. The degree of 
the reduction of the right auricular pressure was directly proportional to the 
de^ee of its original elevation. Although in those subjects who had the highest 
right auricular pressure even their lowest values following Dibenamine were still 
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above the normal range, rve may conclude that the olevatinr, nf n 
nght aur.c„l„ pressure in congastivc t.il„„ nn, “ , | ”,r 
nxtent - „t ne„„„s (.drenargin) origin. TOotlcr ,oma otl.a, " '“a, “ , 
factors were also at play and partook in the eiovation of tL r.V!,; 
pressnre cannot be Med on the p,«e„t evidence. It i, petsiWe 1 ’"" 7 
Hbng of tie venous vasenl.t bed, as suggested by lV.,„en and Ste ® u , 7 
be responstble for the res, dual elevation of the right aurienia, press,,,, al, ;!:; 
afenergic blockade. Also Halmagp et al. (11) produced rccont evidence tlmt 
the elevated venous pressure after an overfilling of the venous vascul.ar bed 
saline behaved differently from the increased pressure in heart failure in tlint the 
first did not respond to TEAB whilst the other one did. Our finding.^ arc com- 
patible -with the idea that the residual elevation of the venous prc's.sure after 
Dibenamine had some connection %vith an increased blood volume: Of the 12 
subjects with a circulating blood volume above 3,500 ml per sq. m. body .surface 
right auricular pressure remained outside the normal range after Dibenamine 
in 9, whilst of the 6 subjects with a circulating blood volume below 3, .500 ml' 
sq. m. body surface only 2 had right auricular pressures higher than 5 cm 11.6 
following Dibenamine (see table 1). Our results also clearly demonstrate that 
blocking of the adrenergic impulses reduced peripheral vascular resistance and 
that this reduction was not secondary to any changes in cardiac competenry. 
In analogy to the behaviour of the right auricular pressure also the fall of the 
peripheral vascular resistance was most marked in those subjects where its origm.nl 
values were highest. This again points to a ncrvoii.s (adrenergic) meclmni.un 
underlying this abnormal increase in peripheral vascular resistance. 

On the other hand the effect of the adrenergic blocking agent on cardiac output 
was secondary to changes in the peripheral vascular resistance. A superficial 
glance at some of our data, where cardiac output increased at the time when 
the increased venous pressure started to fall, might recall the suggestion of 
McMichael et al. (U) that the reduction of the cardiac output in heart failure 
was a consequence of the high venous pressure. This impression was, liouerer, 
refuted by a thorough scrutiny of our results as pointed out previously. There 
was no correlation between the fall of tlie right auricular pressure and the tr.in 
sient increase in the cardiac output. Both components take part in the elevation 
of the cardiac output after Dibenamine; there is an elevation of the stroke volume 
and an acceleration of the lieart rate. An exploration of the possible mcclmmsins 
through which a fall of the peripheral vascular resistance might increase tlio 
cardiac output excluded Epinephrine as the possible humoral agent. At pie.enr 
there is no other knoirn humoral agent with the same effect on cardiac ou put 
which could be released during the period of hjqiotcusion. riie remaining p^- 
sibility is that the increase in cardiac output is due to a reflex, e inu.^ • 
that nervous impulses reaching the heart are not blocked iV i . 

demonstrated by Warren and Stead (29) that a reduction of the 
cular resistance produced by a release of constricting tournique s i 
was followed by an immediate rise of the stroke volume. This imme n _ 
following within a beat from the release of the tourniquets cou c P . 
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be mediated by any Immoral agent and was certainly of a reflex nature. Aviado, 
Lu, Kalow, Peskin, Turnbull and Hess (1) recently produced evidence that an 
increase in pressure in tbe left ventricle brouglit forward a reflex bradycardia 
and a slowing down of tbe circulation. It may be imagined easily tliat opposite 
changes of the intraventricular pressure have an opposite effect on haemodynam- 
ics. A fall of the peripheral vascular resistance produced by Dibenamine was 
probably connected with a reduction of pressure in the left ventricle. In view 
of the experimental findings of Aviado et al. (1) reflex tachjmardia and a reflex 
increase in cardiac output is to be expected under these circumstances. This also 
happened. It is, of course, difficult to localize with certaintj’’ the respective baro- 
receptors. The work of Bykov et al. (4) demonstrated, however, clearly that there 
are nervous endings (interoreceptors) throughout the whole vascular system. 

It would be tempting to think that the secondary fall in cardiac output was 
due to a diminished venous pressure and thus to a diminished filling pressure of 
the heart. However, it seems milikely, in \dew of our findings that the secondary 
fail in cardiac output was not accompanied by any further reduction of the 
venous pressure. On the other hand the peripheral vascular resistance increased 
during this later fall of the cardiac output. We are unable to say at this stage 
of our work what was the mechanism of this secondary increase of the peripheral 
vascular resistance but we may think of the activation of secondary homeostatic 
mechanisms like renin or VEM. 

It was surprising that we did not find any improvement in vital capacity or 
Harrison’s index during the phase of the transient increase in the cardiac output 
although the fall in the arterio-venous ox}’'gen difference and in the oxygen utilisa- 
tion pointed to an improvement of the circulation. The failure of these two func- 
tions to improve points rather to our inability to register momentary alterations 
of the pulmonary circulation. 


Our findings indicate that when the heart starts to fail, there is no gradual 
passive decline of the efficiency of the circulation but that the whole vascular 
system is rebuilt by reflexes originating probably in interoreceptors of the whole 
vascular bed stimulated either by a decline in pressure or by some metabolic 
changes, which are so far undefined. Reflex arteriolar vasoconstriction prevents 
a fall in the general blood pressure. Being of irregular distribution it insures 
adequate blood supply to some of the vital structures but at the expense of some 
other organs whence blood is drawn away. One of these structures is the kidney 
(3, 8,^ 1/, 18), the other possibly the sldn (30). This reflex is probably an exag- 
geration of the normal reflex distribution of blood occurring whenever increased 
demands are thrown upon a fully efficient circulation such as under conditions 
of hea\y physical work. Reflex increase of the venous tone, by diminishing the 
size of the venous vascular bed, contributes to an improved venous return of 
b ood and may lead in the way suggested by McMichael (14) to a better diastolic 
tilling of the heart and thus to its improved efficiency. However, the heart itself 
IS also influenced from the periphery. This influence might be a mechanical one. 

has to work under an increased filling pressure and against an increased periph- 
eral vascular resistance. However, this increased resistance influences adversely 
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and this in turn diminishes further the abilit,- of the ImtTto'" “ 
Moreover, long-term active rcHenly indS dcS ^o, 
on adequate Wood snpnlr interferes finshrSi fl , 
ntes to’ the distmhaneflft 

enpport to the idea Mart in fntum i. viB 

attention not only aronnd the primarily diseased heart Imt abo aio,„,J Z 
disturbed nervous regulation of tlie wbolc circulation. 


Siinunary and Conclusions. 


1. The mechanism of the genesis of the general haemodynamic cliangc.s in heart 
failure was studied by means of the ncurohumornl adrenergic hlochade imhiml 
by Dibenaminc (and in 1 subject by Dibydroergotamine) in 17 subjects at dif- 
ferent stages of heart failure and in 5 subjects with a normal cardiovascular 
system. 


3. The earliest sign of the adrenergic blochade vras a fall in the right nuricidar 
pressure, the extent of which was proportionate to its original elevation. Xormnl 
right auricular pressure was not affected by this blockade. 


3. Peripheral vascular resistance decreased in all subjects. Tiic extent of 
this decrease was also proportional to its original elevation. Its change vas in- 
dependent of the change in right auricular pressure. Also in normal subject? 
peripheral vascular resistance decreased by some .30 % of its original level. It 
follows that — contrary to the venous system — tlie nervous system contribute.? 
to the maintenance of the normal arteriolar tone. At later stages of our observa- 
tions there was sometimes a new increase of the peripheral vascular rc.si.'ilaiice 
whilst the signs of a full adrenergic blockade were well maintained on the venous 
side. The secondary rise of the peripheral vascular resistance was probably due 
to the influence of secondary homeostatic meclianisms. 

4. Cardiac output increased transiently' in all subjects after the ndmini?tmiion 
of Dibenamine. However, its increase was not proportionate to the extent of it? 
original diminution nor to tlie c.xtent of the changes in the right auricular pre-v-ure 
bub its changes were alway's related to changes in peripheral vascular re.-i-'^tanre. 

5. In 0 subjects the effect of bilateral stellate ganglion anae.sthesia comp.wd 
with the effect of Dibenaminc administered some 2 hours Inter. tiluNt tlie 
anaesthesia of the stellate ganglion had practically no effect 

put, peripheral vascular resistance or right auricular pressure, i enanmie jir 
duced in all the subjects a fall in right .auricular prc.ssurc v icnc\cr i 
creased and in peripheral vascular resistance and a rise o ^ , 
It was concluded that Dibenamine did not increase the cardiac output by 
adrenergic impulses to the heart. 
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15. The effect of Dibeuamme on cardiac output differed from the effect of 1 ml 
1/1,000 sol. of Epinephrine administered hypodermically to 5 subjects. In 6 sub- 
jects the general haemodynamic changes brought about by Dibenamine were 
not accompanied by any changes of the blood sugar level. It was concluded that 
Epinephrine was not the mediator of the changes of the cardiac output during 
InTiotension following Dibenamine infusion. 

7. The transient increase in cardiac output was accompanied in all subjects 
with heart disease by a fall in the arterio-venous oxygen difference and in the 
utilisation of oxygen. 

8. The increase in cardiac output was usually accompanied by an increase in 
oxygen consumption and vice versa. The changes of oxygen consumptiou were 
of a lesser degree than the changes in cardiac output. 

9. Respiratory volume per minute varied in most instances in the same direc- 
tion as oxygen consumption. The change was due mostly to a variation in the 
respiratory rate whilst the depth of respiration usually decreased. 

10. Ventilation equivalent increased always when respiratory volume per minute 
increased and vice versa. 

11. Vital capacity and Harrison’s index did not exhibit significant or con- 
cordant changes and their minor fluctuations do not allow any conclusions as 
to the state of pulmonary haemodynamics following Dibenamine. 

12. It was concluded that in heart failure interoreceptors of the whole vascular 
bed are the site of origin of new impulses which increase reflexly the arterial and 
venous tone and are the cause of numerous secondary effects. 
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The classical conception of Starling (17) that congestion of the venous vascular 
bed behind the failing heart is the principle factor in the genesis of the disturbed 
rvater balance in heart failure has been recently questioned by several investiga- 
tors (9, 12, 19). AVe have produced evidence (1) that changes of water balance 
in the bod}’^ of decompensated cardiacs bear no simple relation to changes of venous 
pressure and that there is a good correlation between these changes and the changes 
in renal blood flow. A decrease of the renal fraction of the cardiac output with a 
diminished blood flow through the kidneys is the cause of the disturbed excretion 
of water and electrolj'tes and of their retention in the body, this disturbance being 
produced both b)' a reduction of the rate of glomerular filtration and by an in- 
creased tubular reabsorption of water, sodium and chloride. In accord with Merrill 
(9), we found that the main increase in the renal vascular resistance occurred be- 
laud the glomeruli. Ha^^ng been able to exclude Amnous back pressure as the cause 
of the high post-glomerular resistance we concluded that the chief reason for this 
high renal vascular resistance was in the increased efferent arteriolar tone. 

Mokotoff and Eoss (11) tried to investigate the mechanism of this increased 
efferent arteriolar resistance by means of a high spinal anaesthesia. They were 
unable to normalize by this measure the disturbed renal haemodynamics in their 
subjects with heart failure. Their results are, however, open to question; all their 
subjects received prior to high spinal anaesthesia an injection of Ephedrine in 
order to prevent a fall in blood pressure. Gaddum and Kwiatkowski (6) demon- 
strated that this substance increases the sensibility of the vessels to small doses 
of Epineplirine. Should Epinephrine or Sympathine E be liberated in increased 
quantities in heart failure, we could not expect any reduction of the increased 


o report of tlie.se results was presented at the 1st Intel 
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efferent arteriolar tone followin" denervation of flm n i t • i 

bfi;" »'*„opw this »ensi.i4 T.; 

the whole vaseulorted is teboflt Th“f ifntt onTv 

bloo^ wbich IS draTO a^ay from various organs in order to maintain blood supnlv 
to some of the vital structures even under these precarious conditions. We S!; 
pointed out that all these changes in the circulation arc of a reflex origin. It .seemed 
therefore, worth while to investigate also renal haemodj-namic cliangcs from this 
point of view. As in the observations reported on in the previous paper Diben- 
amine was used in this study (4). The great advantage of this substance was the 
long duration of its action which was especially important in subjects with a low 
urine flow thus making possible a sufficient prolongation of the individual urine 
collection periods and in this way avoiding errors inherent in incomplete bladder 
emptying and in the renal dead space. 


Metliods. 

The investigations were carried out in the same 5 normal subjects and in 15 cardia''? 
at various stages of heart failure in whom the general haemodynamic clmnge.s followin'; 
Dibenamine were reported on in our preidous paper (I) together witli the details of the 
experimental procedure. 

Renal plasma flow was measured by the p-aminohippurate (PAH) clearance, the rate 
of glomerular filtration by the clearance of inulin, filtration fraction was calculated as 

the ratio of these two clearances / J . ” — - x lOoV Renal fraction was c.xprcf'cd 

\clcarance PAH j 

as the ratio X 100, the value of renal blood flow being calculated from 

cardiac output 

the PAH clearance and haematocrit and cardiac output measured bv the methws 
described in our pre-vdous paper. Chlorides were estimated by van Slyke s modir'caticKi 
of Sendroy’s method (18), sodium by flame photometer (5). The sj-mbols for clecicolyto 
excretion and reabsorption are the same as those used prewously (3). 


Results. 

AU our results are collected in table 1. Data on cardiac 
cular resistance reported already in our previous paper are a^o 
clarify the correlation between the haemodynamic changes m le ‘ 

general circulation. The first row of figures is the n\ erage nvprirc of a vin'in'* 

prior to the administration of Dibenamine. Further f.pircs i,; 

number of obsen-ation periods covering approximativeh the fir= 
effect and its later phases. The di.dmg P-f 

Dibenamine effect was the change in renal plasma of all our re.-uU- nn-l 

proved to be not only space sawng but it allowed a bet . tl,c subject^ am 

significant differences became more obvious. As F® ciibi^rts beint: norm.i! cor.- 

grouped according to tbc degree of heart failure, the first ^ J - -t. 
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trols. The concentration index of inulin (U/P) indicates hovr many times imilin became 
more concentrated on its course from the glomeruli through the renal tnbuh to the bladder. 
It is therefore, a measure of the degree of water reabsorption from the tubuh. The clear- 
ance's of sodium or chlorides are especially significant when compared with the clearance 
of inulin indicating how much of the filtered electrolyte was excreted m the urine. Txa- 
or Ter indicates directly in m-cquivalcnts the amount of the reabsorbed electrolyte. 
This figure is calculated'as the difference between the electrolyte load and the quantity 
of excreted electrolyte. The elcctrolj'tc load is the quantity of electrolyte filtered and 
equals the product of glomerular filtration (clearance inulin — Cl. inul.) and plasma 
elcctrol 3 'to concentration (Pxa-, cr) i-c. Px.v, cr X Chnui.- The small factor for Donnan s 
equilibrium was neglected throughout this work. The ratio of chloride and sodium 
clearances is an index of the parallelism between tubular reabsorption of these two elec- 
trolytes. The ratio — — x 100 indicates the percentage of the filtered sodium 

Pxa- X Cllnul. 
reabsorbed in the tubuli. 


We have demonstrated in our previous paper that Dibenamine produced a tran- 
sient increase in cardiac output which was more marked in subjects rvith heart 
failure than in normal controls. It may be seen from the table that this transient 
increase occurred usually in the early phase of the Dibenaminc effect wliilst it 
dropped towards the original value in the later phase of our observations. On the 
other hand the fall of the blood pressure continued usually throughout both these 
observed phases of the Dibenamine action. 

This can be easily followed also in fig. 1, representing the detailed course of events in 
a 35 years old healthy female (No. 2), who received 10 mg Dibenamine per kg b. w. The 
peak value of the cardiac output was found some 80 minutes after the start of the Diben- 
aminc infusion. At the same time there was a significant fall in the peripheral vascular 
resistance. The renal fraction of the cardiac output fell at this early stage of the Diben- 
amino action. This indicates that the renal vascular bed did not take part in the general 
reduction of the peripheral vascular resistance. The simultaneous slight increase in filtra- 
tion fraction makes even an increase of the efferent arteriolar tone plausible. This reduc- 
tion of the extrarcnal vascular resistance coupled with a slight increase of the renal vas- 
cular resistance caused the renal plasma flow to drop. The glomerular filtration rate fol- 
lowed more or less paraUely changes in the renal plasma flow. However, marked changes 
of the renal haemodjmamics in the opposite direction occurred from the second hour on- 
wards during the phase of the secondary fall of the cardiac output. Whilst the extrarenal 
vascular resistance started to rise slightly again, there was a very marked increase in 
renal fraction of the cardiac output pointing to a great reduction of the renal vascular 
resistance. The decrease of the filtration fraction indicated a reduction of the efferent 
arteriolar tone. A consequence of this release of the renal vascular tone was a rise in the 
renal blood flow. Glomciular filtration rate followed again the changes in the renal plasma 
flow but on a smaller scale. The urine output paralleled changes of the glomerular filtra- 
tion rate and the variations of the clearance of sodium were parallel to those of the 
urine flow. 


Thus in the normal subject Dibenamine had no effect on renal vascular resist- 
ance in the^ early stage when extrarenal resistance became already markedly re- 
duced. During the later stage of the Dibenamine action, however, the fall of the 
renal vascular resistance exceeded that of the extrarenal vessels. 

The chaups of the renal haemodynamics in normal subjects No. 1 and 3 were 
analogous, though, especially in subject No. 1, much less marked. They demon- 
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Changes of cardiac output, blood pressure and renal junctions after adrenergic Uoelr.d^- t-i'h 
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Dibcnamine or Dihjdrocrgotamine {DHE 45) in normal subjects and subjects with heart 
of heart failure. 


, 

I’s 

<5 

O ^ 
t> Hr. 

c; 

.2 

o 

cS 

*3 

.s s 

o ^ 

C 2 

a 

.2 

■u 

CJ 

CJ 

sei 

cP 

o 

H « 

5 

® . 

O c5 

a .2 

s a 

e3 

•Sh 

o 

• g s 

Clya* 

Cl 01' 

C 

c 

> 

5 

> 

H 

c 

B 

it 

gs 

C 

g.s 

So 

0 

*3 

3 o 

a ^ 

.5 « 

it 

CIlouI. 

Cha- 

a 

H 

o 

rt 

1 o 


o 


»— 1 


OT S 





I 

1 

n 

t ” 

t 

i P 

1 9 

r 

s 

t 

U 

V 

0.75 

443 

9.91 

107.9 

25.1 

144.35 

0.99G5 

14,855( 

0.924 


99.075 

0.34 

470 

7.53 

nuiis 

23.4 

193.00 

0.8023 

15.150( 

0,736 



99.260 

0.2fi4 

330 

7.28 

84.8 

25.0 

325.25 

0.1510 

H.928C 

0.179 

— 

99.820 


433 

mm 

72.1 

16.7 

158.1 

0.28O 

9.252 

0.392 


99.G10 

1 0.41 

429 

8.75 

68.5 

16.1 

167.9 

0.200 

8.523 

0.293 



99.79G 

WISE 

241 

5.50 

41.4 

17.2 

404.O 

O.Q30 

5.150 

0.073 

. . 

99.030 


518 

18.50 

74.8 

14.25 

178.9 

0.198 

9.165 

0,230 

■ — 

99.760 

2.02 

666 

17.2 

139.4 

21.15 

70.1 

_ 






1.273 

388 

8.8 

98.5 

25. i 

77.3 









1.15 

460 


119.8 

26.0 

104.2 


- 





1.078 

510 

8.5 

93.5 

18.3 

187.9 










726 

12.4 


13.85 

254.0 

— 

— 

— 

— 

— 


IB 

478 

9.81 


20.0 

103.3 

*1.280 

*12.707 

*1.070 


*98,890 

*9R,fln.5 

2.50 

6GG 

11.90 


20.4 

53.1 

*4.018 

*14.715 

*3.395 


2.79 

718 

15.18 

116.2 

16.18 

41.0 

*4.880 

*12.245 

*4.199 


*95 801 

1.00 

794 

17.80 


13.97 

76.5 

*2.557 

*11.321 

*2.310 


*97.084 

l.U 

328.5 

8.78 

86.3 

26.3 

78.0 

*2.350 

* 9.180 

*2.710 


*97.30 

*99.501 

*99,G52 

*99.831 

■iSfifi] 

348 

7.21 

msa 

29.2 

170.5 

*0.506 

*10.886 

*0.499 



52^ 

10.43 

93.15 

17.78 

238.25 

*0.321 

* 9.975 

*0.344 



308 

7.10 


20.5 

315.0 

*0.107 

* 6.C04 

*0.169 


0.600 

1.335 

0.05 

0.289 



70.8 

67.8 
69.3 
35.2 

28.5 

23.1 

26.7 

35.0 

102.8 

50.8 

72.85 

121.7 

*1.210 

*0.GG0 

*1.087 

*0.229 

* 7.760 

* 7.217 

* 7.128 

* 3.672 

*1.090 

*0.973 

*1.569 

*0.650 


*98.300 

*99.020 

*98.425 

*99.350 

0.84 

O.G08 

0.024 

0.450 

0.40G 

418 

279 

252 

193 

244 

7.27 

4.08 

5.82 

2.52 

3.51 

85.3 
G4.1 

83.3 
73.9 
90.5 

20.8 

22.9 

33.1 

38.2 
37.1 

106.3 

105.5 

133.5 
164.0 

223 

0.214CG 

0.975 

0.220G 

0.2G99 

0.1OO7 

13.050 
9.600 
11.031 
10. 790 
14.690 

0.253 

0.152 

0.265 

0.360 

0.111 

261.7 

196.4 

81.3 
62.4. 

74.4 

99.74G 

99.848 

99.736 

99.640 

99.881 

O.GTT 

0.448 

0.515 

0.C9 

235 

283 

287 

233 

9.82 

12.23 

10.25 

7.95 


36.2 

32.0 

41.0 
42.75 

126.8 

206.O 

228.5 

146.25 

0.800 

0.344 

0.308 

0.311 

12.422 

14,008 

17.153 

14.720 

0.8G3 

0.372 

0.2G1 

0.309 

~ 

99.141 

99,G30 

99.738 

99.7895 

0.55 

0,50 

0,38 

M 

9.70 

6,89 

7.97 

88.1 

86.3 

75.1 

24.8 
26.3 

20.8 

137.4 

159.7 

202.1 

2.83 

3.017 

0.5G2 

12.019 

11.389 

H.G4 

3.22G 

3.351 

1.422 

29.441 

29.053 

86.349 

96.777 

96.490 

99.2249 

0.90 
1.54 j 

313 

428 

m 

11G.2 

125.2 

34.75 

29.2 

129.3 

81 4 

— 

— 

— 





0.473| 

4S4.0 

13.22 ) 

irai 

21.9 

240.0 



— 

— 

— 


J1 O40063. Ac/a med. Scandinav, Vol. CXLYJJL 



~ • 

— 









BROD, PKJFa-R and I'EJl'ADOVA. 



strate that in normal subjects the blocking of adrenergic impulse.' lias an < ar i r 
and more pronounced effect in the cxtrarennl than in t)ic renal vnscnlnr • 

TJie changes in subjects Xo. 4 and 5 were somehow different. These sti ijfi^ . 
although healthy, displayed a marked anxiety throughout the oouT'e o our o.( 
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* 5.82 

*0.797 



*99. 


0.4O( 

206.0 

25.2 

49.3 

23.9 

121.4 

*0.229 

* 5.48 

*0.405 

— 

*99. 

3 

O.sst 

339 

8.03 

172 

50.8 

194.5 

*1.193 

*18.57 

*0.092 


*99.4 

2.31 

427 

8.27 

183.3 

42.93 

79.43 

*3.397 

♦19.05 

*1.84 

— 

*99.233 

0.22 

134 

13.79 

69.3 

60.9 

311.3 

0.209 

9.493 

0.299 


99.709 

0.328 

139 

12.00 

65.2 

46.8 

200.O 

0.389 

6.049 

0.885 

_ 

99.118 

0.7C 

195 

14.72 

92.0 

47.4 

119.4 

1.170 

12.110 

1.298 

— 

98.7 

20 

0.771 

156 

11.53 

60.0 

38.0 

80.1 

*0.012 

* 5.741 

*1.004 


*99.1 

0.434 

114 

6.39 

46.7 

40.85 

108.9 

*0.387 

* 4.33 

*0.830 



*00.2 


0.205 

197 

13.88 

63.0 

33.3 

223.1 

*0.2O0 

* 5.96 

♦0.297 

— 

*99.8 

0.4C 

314.0 

14.9 

71.3 

23.0 

153.4 

*0.ioo 

* 7.30 

*0.139 


*99.8 


0.403 

390.0 

16.5 

72.8 

18.9 

179.5 

*0.111 

* 7.54 

*0.155 


*00 8 


0.185 

285.0 

11.0 

55.0 

19.75 

302.O 

*0.05G 

* 5.607 

♦0.1O2 


*99.8 


0.23 

243.5 

8.17 

51.8 

21.3 

224.0 

*0.050 

* 5.18 

*0.963 


*99.9 


0.18 

209.0 

7.13 

41.5 

19.95 

234.5 

*0.040 

* 4.05 

*0.97 


*09 p 


O.io 

176.0 

8.03 

42.7 

24.3 

228.0 

*0.037 

* 4.38 

*0.88 

— 

*99.9 


O.oo 

0.20 

O.oi 

0.415 

53.2 

111.0 

118.0 

104.7 

4.32 

7.85 

5.10 

5.44 

21.4 

42.2 

51.0 

39.6 

40.2 

37.5 

43.1 

37.7 

231 

177.5 

82.7 

95.1 

O.Oll 

0.051 

O.IGO 

0.084 

3.208 

6.41 

7.92 

6.22 

0.051 

0.196 

0.31 

0.21 

— 

99.037 

99.0 

99.68 

99.70 

1.20 

173 

7.88 

64.1 

37.7 

53.2 







1.27 

189 

9.47 

79.0 

42.1 

62.7 







1.33 

171.5 

6.38 

53.4 

31.0 

39.5 
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0.3G9 

207.5 

8.30 

35.2 

17.0 

95.5 

— 

— 

- 




0.243 

0.222 

0.733 

48.80 

42.3 

94.5 

3.4 

2.47 

1.99 

21.1 

13.1 

26.3 

43.3 

31.0 

27.8 

91.8 

59.0 

46.9 

0.021 

0.024 

0.0833 

2.838 

1.752 

3.747 

1.099 

0.184 

0.323 

299.3 
286.8 

153.4 

99.9 

99.S 

99.7 


0.244 

0.17C 

0.207 

0.O43 

0.32 

0.50 

127.0 
103.8 

108.0 
18.1 

121.2 

196.5 

6.01 

5.32 

6.08 

0.931 

5.5 

9.56 

51.4 

37.0 
39.3 

6.22 

46.5 

74.0 

40.4 

35.8 
36.1 

34.3 

38.4 

37.9 

207 

110.3 

189.5 

144.5 

145.3 
149.0 

0.277 

0.1 60 

0.2543 

0.0I36G 

0.40197 

0.C998 

7.4861 

5.10 

5.0421 

0.9183 

6.8910 

10.7156 

0.525 

0.425 

0.6471 

0.2196 

0.8644 

0.9381 

85.796 

93.25 

72.1195 

68.3455 

94.211 

112.9894 

99.475 

99.68 

99.3546 

99.7534 

99.1363 

99.0626 

0.78 

1.10 

99.3 

134 

8.43 

5.57 

62.3 

68.97 

62. Cd 

51. G7 

80.05 * 

60.3 ♦ 

0.306 

0.71C 

6.308 

6.054 

*0.492 

*1.0255 

Jf 

^ 

‘99.508 
98.080 1 
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disease and they will ie discussed later® “ leart 

Tic detailed sequence of events in a subject with heart failure due to an 
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Pig. 1. Jj® p^od^TO^Scrnml function 

^”'r„"n;ra^ .subject uftor Dibenamine. 
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Fig. 2. Change i’n Hit.gct 

renal >‘''™_“'>;^“f,i,„re, after I)ile,-namine. 


.itlt a relative tricuspid rcgttrgita^^^^^ 

ischaemic heart disease with a relati 
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initial drop in 
was a steady rise in 
renal blood flow started 


peripheral vascular resistance. In the consequent periods, however, there 
•ise in the renal fraction of the cardiac output and at the same time the 
started to increase to a value exceeding by as much as 50 % the last 
value immediately prior to the administration of Dibenamine. The marked drop oi tlie 
filtration fraction which occurred at the same time points to a relaxation of the efferent 
arteriolar resistance as the cause of this in- 
creased renal blood flow. Because of the marked 
drop of pressure in the glomerular capillaries 
during the phase of increased renal blood flow, 
the glomerular filtration rate changed relatively 
very little in comparison with its original values. 

It was surprising that the improved renal cir- 
culation was not connected with any increase 
in the urine flow. On the contrary oliguria 
became even more marked during the second 
phase of the Dibenamine action, urine flow 
falling to as little as 0.2 to 0.3 ml per minute. 

The parallelism of the sodium clearance with the 
rate of the urine flow noted already in the nor- 
mal subjects was maintained also in these de- 
compensated cardiacs. 

A similar trend of events is also well evident 
in one of our most severely ill patients M. P. 

(No. 19), a 46-3’ear-oId female suffering from 
rheumatic heart disease with mitral stenosis 
and incompetence with a relative tricuspid 
regurgitation and right sided heart failure, who 
received 5 mg Dibenamine per kg b. w. (fig. 3). 

One hour after the start of the infusion of 
Dibenamine a 20 % rise in cardiac output and 
a simultaneous reduction of the blood pressure 
pointed to a released peripheral vascular re- 
sistance. The delay in the reduction of the pe- 
ripheral vascular resistance was well evident 
especially in the period between the 26th and the 
49th minute when a marked drop of the renal 
fraction of the cardiac output occurred. Between 
the 48th and 84th minute when cardiac output 
reached its peak the renal fraction of the cardiac 
output and renal blood flow were at their origi- 
nal values. At this stage of the oliservation 
the reduction of renal vascular resistance was 
evidently of the same degree as the reduction 
of the extrarenal vascular resistance. After 

Se rmS ^ ^^ecline. In this moment a marked rise of 

futnul to I coupled with an increase of the renal fraction of the cardiac 

tffil of Dibenamine effect, 

five of the behaviour of all the^b^S stfdTed “ """" 



Fig. 3 . Changes in cardiac output, blood 
pressure, renal dynamics and function in sub- 
ject irith heart failure, after Dibenamine. 
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A detailed analysis of the results in table 1 reveals the follouia. 

J. B. (Xo. S) with a slight .ie- 

^ significantly following Bibenmnine I,, o f 

2) and 2 coinT>ensatf>d mrAt^tnc /v^ o — i ‘ . ** norm,!! 


m! !■!, 


plasma flow did not changV signi£aItlr7oHowhl" 

flow by more than 10 % of its original value, altlmuil . m b ’]> tV .r ■ 
occurred later on. In the normal snbjcct B. M /Kn at -. '* “ '= ' 

plasma flow was noted. In the remaining 2 normal control snbjecTs'.mid in’l'^' ^ 
decompensated cardiacs renal pla.sina flow increased I'l to P'l 'r n • ■ . ‘ ' 

should be „o,od th.. ti.e tJbe.Ul,,. ...hjecs ..tl; " 

lo-nmg Dibenamme were those previously mentioned with 
the course of the observation. 


% of it.d origiii.tl ’ 
jilasina fiinv iiicn-., ,,, ,, .. 
marked aiwicty thrci);},,..;; 

change significantly in the 2 norma! .Mihjecfd M 1; 

M. P. (A o 1 and 2) and rose along with the fall of renal jila.^ma flow in the 2 romP-a'..;'f,'.i 
cardiacs F. ^ . (No. G) and A. G. (No. 7). It decrea.scd .significantly in the tivo iMltU- 
subjects with anxiety (Ao. ^1 and 5), further there was a late dccrea.-ie of the filtritM,', 
fraction lu the normal subjects II. 31. (No. 3) and in alt 13 decoinj.ensated cariliai- jhe, : 
ever, only m 4 cardiacs iti failure (No. 8, 10 and 17) was it po.^ihlc to reiliire th.' fihn- 
tion fraction towards norma! values. In the remaining cardiacs filtration faction n • 
mained above the upper limit of the normal range, i. c. above 23 %. 

3) Penal fraction of the cardiac output: Thi.s value dcjicnds on relative change( of t)'’ 
cardiac output and of the renal blood flow. As pointed out previously, there 18*011 itiitii! 
rise of the cardiac output after Dihenaminc followed by a secondary drop, it seenv.!, 
therefore, necessary to analyse the changes in the early ’pha.se of the’Dilienainine actien 
separately from those occurring later. During the ri.sing phase of the cardiac out[iiit, read 
fraction fell in 11 out of the 20 itivcstigatcd subjects (3 normal, 1 coinjiensated wid 7 
decompensated cardiacs), it remained nnclmnged in 3 (1 eompcii.satod, 2 deromjieii'.it'd 
cardiacs) and it increased in 0 subjects (2 normal .subjects, both rcve.iling marked an.xicty 
and 4 decompensated cardiacs). The later phase of the Dibenaiiune action was oh, served 
in 12 subjects. Renal fraction incrca.sed in 2 normal subjects ami in G dcconijunsat* li 
cardiacs, whilst a decrease was noted in the remaining 1 healthy subject, 1 comjicnvii'd 
and 2 decompensated cardiacs. Contrasting with thc.se rather irregular changes of t!.'- 
renal fraction were the above mentioned changes of the filtration fraction. Its fill i-oic 
nected with the increase in renal plasma flow was noted already during tlie I'.irly 
of Dibenaraine action in 11 out of the 13 dccoiiyiensatcd cardiacs, in a of whom tle m 
was a simultaneous decrease of the renal fraction. In the remaining 2 decoinpen-.U'd 
cardiacs these renal haemodynamic changes occurred later on during the deeteadng pk 1 -' 
of the cardiac output and in subject M. P. (No. 13) they reached their ])eak at a time a! ■ a 
the values of the cardiac output resembled tbo.sn of the control 3 >eriod. Abo in suiy'-; 
J K. (No. 11) filtration fraction fell markedlv during this later plm.»e of the IJiIieminm. • 
action when the cardiac output fell from 1,G98 to 1,510 ml per minute, a v.nhie .diel.Bv 
below that at the beginning. It may be concluded tliat renal vascular re.-istance (!err..i-.e 
following Dibenamiue in all the decompensated cardiacs without e.xeeptimi, "I' W"'-'' ’ * 
reduction occurred usually at a different time than tl.e maximum re. urtion of tie- ext.. • 
renal vascular resistance. Of the 5 normal .subjects ' f 

sistance was noted only in subjects 0- S. and O. Z, (^o- * ""'’'I " ,• v,-j' 

tense, whilst in .subject B. 31. (No. 3) the uut.al renal change fo Imu g ? ; 

efferent arteriolar constriction evidenced by a decrimse of J/’ "Vi,,.-. . f 

crease of the filtration fraction, followed only some 90 mimito.-, kittr by .1 r . • 

^*' 4 ) 'Smn/lnr filtration: Its clianges were irregular 

This xvas due to tl.o fact that the rate of the ’ nihr c-xmlhrir-' "ri k 

volume of the renal plasma flow and of the pres.surc m the gloimnikir c. j 

chnnued after Dihenaminc in the opposite direction. 
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5) Urine llow did not cliange in a consistent manner after Dibcnammc. In 8 decom- 
ncn'ated cardiacs who received 5 mg Dibenaminc i)cr kg b. w. or less urine flow increased 
witli the increase in renal blood flow. It fell in 1 cardiac whose renal haemodynamics re- 
mained unaffected bv Dibenaminc (J. B., No. 9) and it also fell in a decompensated sub- 
ject R. K. (No. 17) whose renal blood flow exhibited only a slight rise following Diben- 
aniine. Of the rcniainiiig 3 decompensated cardiacs (No. 8, 14. and 15) two received a double 
dos^e of Dibenamine (10 mg per kg b.w.) and in the third one (No. 8) the adrenergic 
blockade was accoraphshed by Dihydroergotamine. In these 3 subjects urine flow fell at 
the time ivhen the renal blood flow increased. In the 2 fully compensated cardiacs whose 
renal blood flow decreased following Dibenamine, there was a parallel fall in urine flow. 
In the 5 normal subjects there was a decrease of urine flow folloiying Dibenaminc irre- 
spective of the changes in renal blood flow and of the dose of Dibenamine. 

The rate of urine flow is a result of the magnitude of the rate of glomerular filtration 
and the degree to which this glomerular filtrate is reabsorbed in the renal tubuli. Of the 
two proce.sscs the later is usually the more important one in this rc.spect although usually 
changes of both functions arc at play. We have pointed out already that the rate of 
glomerular filtration changed in an irregular fashion. The changes of the urine flow 
were, however, always accompanied by opposite changes in the inulin U/P ratio. This 
demonstrates that the changes in urine flow following Dibenamine were due to a much 
greater extent to variations of tubular reabsorption of water than to changes of glomer- 
ular filtration. This is especially well marked in subjects M. B. (No. 1), M. P. (No. 14) 


and S. S. (No. 18). 

6) Electrolyte excretion: A detailed analysis of the excretion of electrolytes was carried 
out in 17 out of the 20 investigated subjects. Excretion of chlorides was investigated in 
8 subjects, e.xcretion of sodium in another 5 subjects and e.xcretion of both electrolytes 
in the remaining 4. This was done because we have demonstrated in a previous paper 
(5), in accord with others (7) that the e.xcretion of sodium does not always parallel that 
of chloride and that in a detailed investigation of the electrolyte household sodium clear- 
ance cannot be replaced by the clearance of chlorides. On studying the excretion of elec- 
trolytes during spontaneous changes of urine flow in cardiacs we have found that the 
quantity of excreted chlorides does not only depend on the tubular chloride load (Pci, 
X Cliiuii.) which at almost fixed plasma concentrations parallels changes of the glomer- 
ular filtration but in the first place on changes in urine flow. At low urine flows more 
electrolyte is reabsorbed in the distal tubuli and the amount excreted decreases (3). 

It is apparent from the table that in 11 out of the 17 subjects (No. 1, 2, 5, 6, 9, 12, 15, 
16, 18, 19, 20) the changes of clearances of sodium and chloride paralleled changes of 
both urine flow and glomerular filtration. In the remaining 6, however, there is no 
parallelism whatsoever between the clearance of electrolytes and the rate of glomerular 
filtration although the parallelism with the urine flow remains more or less preserved. 
Even there, where changes in the electrolyte clearance and the rate of the glomerular 
filtration are in the same direction, they are of a different order. This can be well seen 
in column t of the table containing data of the changes of the clearance ratio sodium 
(or ch]oride)/inulin. This ratio increases when urine flow increases and vice versa. This 
pi o\es again that the electrol)’te clearance is linked in the first place udth changes in 
f point is born also by data in column v, indicating the percentage 
ot the filtered chloride or sodium reabsorbed in the tubuli. The variations of this value 
are oi a minor order, the majority of figures being in the neighbourhood of 99 %. It is 
just because of this high rate of electrolyte reabsorption that minor changes in this rate 
of reabsorption are fo lowed by major changes in electrolyte excretion. This is also the 
reason lor the virtually linear relationship between the electrolyte load or the rate of 

tr proportionate and between their reab- 

sorbed quantity (Mokotoff, Ross and Leiter 12, Fejfar and Brod 3). 

cle™ rnt? d-ff' ' d their 

earance ratio differed almost always from I. Moreover, in 1 and the same subject this 
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that both these 
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Discussion. 

In our observation wc Imve tried to find an nns«-er to the question vherh.r 
same mechanism undcrlpng the changes of the general haemodvnamirs in ii-a-* 
failure is also at the root of the renal functional disturbance. The interprotittn-i 
ot om mult, of coum, made diftioult l,j- ,l,c fact, Ih, m„, , a, d 
Dihydroergotamine which were used m our ivork did not act on i.^olatcd ki-lnev. 
but aliected the whole organism. 

^en renal vascular resistance changes simultaneously with changes of th- 
cardiac output and vascular resistance of other organs and tis.siic.s, flurnew ron-it 
fraction of the cardiac output is the resultant of the respective chniipe.s of ren.il 
and extrarenal vascular resistance. If the change of the renal va.sciilar bed is of dll' 
same order as that in the rest of the body, there is no change in renal fraction ami 
variations in the cardiac output are accompanied hy parallel changc.s of the renal 
blood flow. If renal vascular resistance decreases compared with other parts of 
the body, the renal fraction of the cardiac output increases and vice ver.sn. Utiice, 
the renal blood flow is directly proportionate to the cardiac output and iinlircrtlv 

, ,. renal vascular resistance , , 

to the ratio Iho resistance m (he renal va=fti!ar 

extrarenal vascular resistance 

bed is due in the first place to the sum of the resistances of the vns i\ffvTcn«. v;v« 
efferens and renal venules. 

Following the classical principles of renal haemodynamics laid down hy Sinilh 
(15) the rise of the afferent arteriolar resistance decreases the renal hlood flow 
and at the same time diminishes pressure in the glomerular capillaries so that tiw 
filtration fraction falls. An isolated rise of the efferent arteriolar resistance of the 
same degree is followed by a similar reduction of the renal hlood flow wliib! th" 
glomerular capillary pressure rises and the filtration fraction incrcnsc.';. The fall 
in renal blood flow with a rise of the filtration fraction which is a regular findinj 
in decompensated cardivics, is thus an expression of an increased efferent arf'riol.ir 
resistance. That this is true, can he deducted if wo take into consideration that 
renal blood flow in heart failure is diminished. .Shotild under the.'ie rondition-' t w 
efferent arteriolar tone remain unchanged the consequence would he a fall in t a 
filtration fraction. With the glomerular capillary pressure remaimng unclmin:.'- . 
the quantity of the glomerular filtrate formed of every 100 mi of plasma o,wr.. 
through the glomerular capillaries {i. c. the filtration fraction) remains uni inur'' • 
If renal vascular resistance diminishes hy a decrease in the efferent artmo ar <>u , 
there is no need for the renal blood flow' to rise, if cardiac output t unini. i • 
same time, or if, with an unchanged or increasing enrdiac output. e.\ ‘ ^ 

cular resistance diminishes to a greater extent tiian the renal vn=cu ar ' 
decrease in the efferent arteriolar tone has as a consequence a deerease o • • 

tion fraction, hut at an unchanged or diminished level of tlic ren.al I i H • • 
this fall of the filtration fraction can be interpreted also as me.anin!. 
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in tlie afferent arteriolar tone. If, liowever, renal blood flow increases at the same 
time as the filtration fraction falls, the only possible interpretation is a decrease 
in the efferent arteriolar tone. This follows also from the consideration that an 
accelerated flow through the glomerular capillaries with an unchanged calibre of 
the outflow track {i. e. of the vasa efferentia) would have as a consequence an in- 
crease in the glomerular capillary pressure and of the filtration fraction. 

In 12 out of 13 decompensated cardiacs the filtration fraction fell following 
Dibenamine simultaneously with the increase in the renal blood flow. In the light 
of the above mentioned considerations this points to a decrease of the efferent 
arteriolar tone during the Dihenamine blockade of adrenergic impulses. In the 
remaining decompensated cardiac (No. 9), there was no change in the renal blood 
flow following Dibenamine but there was a similar reduction of the filtration frac- 
tion as in the other subjects. However, the renal vascular resistance in this subject 
was less influenced by Dibenamine than the extrarenal vascular resistance as may 
be judged from the reduction of the renal fraction. It is, therefore, probable that 
the fall of the filtration fraction without any change of the renal blood flow -was 
due also in this subject to a decrease in the efferent arteriolar resistance. This 
subject is thus also brought into line with all the remaining decompensated car- 
diacs. From these consistent results in all 13 subjects with heart failure it may be 
concluded that the high efferent arteriolar tone which in our opinion causes the 
renal haemodynamic and functional disturbances leading to water retention and 
oedema in heart failure, can be diminished by blocldng nervous impulses. 

The classical interpretation of renal haemodynamics of Smith (15) has been recently 
challenged by Gomez (8) who tried to evaluate separate resistances of the vas afferens, 
vas effereus and of the renal venules. According to Gomez vas efferens contributes only 
little to the increase of the renal vascular resistance in hypertensive disease, the main 
increase occurring in the vas afferens and in the renal venules. Using these formulas we 
calculated some of these, resistances in our cardiacs and found that also here the greatest 
increase occurred in the vasa afferentia and in the renal venules. Thus in subject M. P, 
(No. 19) the total renal resistance rose to 37,700 dynes/sec./cm~“ (normal average 
5,310), the afferent arteriolar resistance to 16,190 (normal 1,990), efferent arteriolar 
resistance to 5,300 (normal 1,660), renal venular resistance to 16,200 (normal 1,660). 
Following Dibenamine the total renal resistance fell to 20,400 and the afferent, efferent 
and venular resistances were respectively 7,500, 4,580 and 8,320 dynes/sec./cm-“. 
Gomez is undoubtedly right that under altered circulatory conditions the whole renal 
arteriolar and venous bed takes part in the changes of renal haemodynamics. The fact 
that at a reduced renal blood flow the quantity of the glomerular filtrate formed from 
every 100 ml of plasma perfusing the glomerular capillaries increases, whilst afferent 
arteriolar resistance has increased several times compared with the normal and whilst 
the mean blood pressure is not increased, requires further clarification. However, if these 
formulas proved to be correct, they would change only little in the interpretation of our 
data which under these circumstances would mean that adrenergic blockade reduces the 
pathologically increased total renal vascular resistance. 

From the demonstration that high renal vascular resistance in heart failure can 
be reduced by blocking nervous impulses, it does not yet follow, however, that 
these nervous impulses are the cause of the arteriolar spasm in heart failure. We 
must exclude the possibility that these renal haemodynamic changes following 
Dibenamine were a secondary consequence of other changes in the body which 
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were induced by tlic adTciier"ic lilocbTrlo i : i 

ou,»r be. i„ boi,t i, „ oni, !'!!:, :s;!:r;r, /■■»' - 

the requirements of the body, in otl.cr words of an LdccLj, l‘S . 

In our previous paper (4) we reported that tl.e Dibenatnino lllockiuU- 
by a considerable, though transient, increase in the cardiac output, 
ecided therefore, whether the observed decrea.se of tlic renal vLcular tm /'M 
lowing Dibenannne was not a secondary effect of this transient circulator’v ii,!' 
pro^ emeiit irrespective of the ineclmnism through wliidi the renal vawul ir u' i 
ance increases in heart failure. Some facts of our observut ions would speak in favimi 
of this hypothesis. "We succeeded in reducing filtration fraction toward^ imni 'l 
values only in subjects No. 9, 10 and 15 wliose cardiac output increase.! dnnii. 
taneously towards the normal range. A ri.se of tlie cardiac output towards n„rmal 
values (5 to 7 litens) and occasionally even above these figures, was observed a!-., 
in subjects No. 8, 12, 18, and 20. However, subject .T. S. (No. 12) and S, 8. (No. 
18) were suffering from hvqiertcnsivc disease with nephrosclerosis and the scleroiir 
changes of the renal vessels might have prevented a reduction of the filtratinn 
fraction towards normal values. The other two investigated subjects (No. 8 and 
20) were suffering from pulmonary cmphy.sema or jnilmonary fibrosis and ror 
pulmonale. Even when fully compensated, these subjects can satisfy the iiei.b 
of the body only by increasing considerably the cardiac output, basic vahie.s of 
10 to 15 liters under these conditions arc not e.xccptional. These values were not 
reached in a single of our subjects and it might be that an increase of the cardiac 
output towards 8,480 ml and 9,000 ml docs not corrcsjiond to tliu basic value of 
these subjects avhen fully compensated. Should the increase of the cardiac output 
really be the cause of the fall of the filtration fraction then its only partial diniinu- 
tion following Dibenainine in these two subjects would be no valid jiroof againd 
this lijqrothesis. 

The results in subjects J. B. (No. 9), DI. B. (No. Id), .1. K. (No. 11) and It. K. 
(No. 17) e.vclude, hoavever, the po.ssibility that the fall of the renal vascular redd- 
ance following the blockade of adrenergic impulses by Dibenainine a\as due tn 
some secondary incebanism brought into play by tbe increase in cardi.ic nutjnit. 
In the first 2 subjects the efferent arteriolar tone did not change and it even in- 
creased slightly during the increase in tlic cardiac output. However, when durine 


the later phase of the Dibenainine action cardiac output was returning Imvard- 
its initial values, the efferent arteriolar tone considerably increased and rciud 
blood flow rose especially in subject JI. I>. by 20 % compared with its initial valu- 
and by 73 % compared witli its value at the time when tlic eanlinc output rc.u a ( 
its maximum. In subject .1. K. whose cardiac output remained very low 
the whole period of our observation and fell after an msignificant rise 
to 1,G9S ml towards 1,500 mi, the filtration fraction decrea.^ed rom hi „ to 
at the peak of the cardiac output and to an almost 

the later fall of tlic cardiac output. In subject K. K. (^o. h) the f - 

fell from 37.7 «/„ to 31.0 o/„ at the time of the mdbe 

to reach the normal value of li % 00 minutes lat^ w i e 
bv almost 1 liter to •1,120 ml. Also in subject B. D. (No. 10) the I.itc bill 


r.KKi:.srs of renal haemodynamic changes in heart failure. 

cardiac output is accompanied by a decrease of tlie glomerular filtration altliougli 
it rose trairsientlv .shortly after the cardiac output started to fall. Whenever wc 
succeeded in registering this later decrease of the cardiac output in our observations 
it vas never connected vitb an increase of the renal vascular resistance. We can 
conclude, therefore, that the decrease of the renal vascular resistance in heart 
failure occurred independently from simultaneous changes in the cardiac output. 
Wc can easily e.vclude the other two mechanisms which might influence the renal 
vascular resistance during the Dibenamine effect, ?. e. the acceleration of the renal 
blood flow during the rise of the cardiac output and the enhanced secretion of 
Epinephrine brought about by a fall of the blood pressure. Should the size of the 
efferent arteriole remain unchanged then the increase of the renal blood flow would 
cause a rise of pressure in the glomerular capillaries and, consequently, a rise in the 
filtration fraction. Also Epinephrine, supposing that its renal action was not blocked 
by Dibenamine, would cause a rise of the filtration fraction and a fall of the renal 
biood flow, an effect just opposite to that Avhich we have observed. We might con- 
clude, therefore, that changes in renal haemodynamics following Dibenamine are 
a direct consequence of the blocking of adrenergic impulses influencing renal 
vessels. 

It has to be decided whether the Dibenamine blockade removed the real cause 
of the increased renal vascular tone in decompensated cardiac or whether the par- 
tial reduction of the filtration pressure was due only to the removal of the nervous 
impulses affecting the basic renal vascular tone. This question is necessary in view 
of the fact that with a few exceptions Dibenamine did not reduce the filtration 
fraction towards normal values. A rather voluminous literature is at hand showing 
that the renal vascular bed is under a considerable vasoconstrictor tone. These 
conclusions, were, however challenged by Bhoads, van Slyke, Hiller and Alving 
(14) and Smith, Bovenstine, Goldring, Chasis and Ranges (16) who were unable 
to produce any change in tlve renal haemodynamics of normal dogs or normal 
men by denervation or anaesthesia of the renal pedicle or by a high spinal anaes- 
thesia. Our results are in accord with this view. In 2 normal subjects M. B. and 
M. P. (No. 1 and 2) there were only unsignificant changes of the filtration fraction 
in the first 70 minutes of the Dibenamine action and renal blood flow remained 
practically without aii}^ change. In both of them extrarenal resistance fell during 
this phase of our observation. A different behaviour was noted in subject No. 3 
and especially in subject No. 4 and 5 who were rather anxious dui’ing the course 
of our observation and whose renal blood flow increased and the filtration fraction 
fell significantly after Dibenamine. Hence, Dibenamine blockade has only little 
effect on renal liaemod}mamics in the kidneys of normal and fully relaxed sub- 
jects and it reduced reual vascular resistance in those subjects whose obvious 
anxiety pointed to an altered function of their nervous system and especially of 
Uicir cerebral cortex. The type of changes in decompensated cardiacs following 
Dibenamine was similar to that in subjects with marked anxiety. We may conclude, 
therefore, that also here Dibenamine did not remove any basic renal vascular 
tone and that the increase m renal vascular resistance in heart failure was, at least 
to a great extent, of nervous (adrenergic) origin. 
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differs from that of the arterioles in other parts of the liodv. Tlie differ 
actmty of vessels m different parts of the body to neiirohumoral in 
established. That such a different reactibility of renal arterioles rea'llv e...,. 
born out by the fact that during the early plinsc of its action Dibenamine iirouelit 
down the extrarenal vascular resistance leaving renal vascular rc=idane<> im 
affected m the majority of instances. On the other hand, renal arterioles sf-ent to 
react \vith a much greater intensity to a circulatory break-down in slmck (15) 
and in heart-failure (1, 9). Another possible c.vplanation for the impossiliilitv of 
reducing renal vascular resistance to normal levels might bo sought in the in- 
creased production of renin in heart-failure (10). E.vpcriinents to d"ecide between 
these possibilities arc so far lacking. 

Renal haemod}Tiamic changes produced with Dibenamine in 2 subjects with 
compensated heart disease arc reminiscent of changes oncoimtorcd in pcriphewl 
or central circulatory failure. It is difficult to ascribe these changes at the mnment 
to the hypotension produced b)* Dibenamine or to an increased productinu ef 
various humoral agents such as renin (10) or VEM (2). It might be that wliibt in 
heart failiure these agents are produced at the maximum rate, so that their seer.'- 
tion cannot be further enhanced by a fall in blood pressure, this homeostatic 
mechanism might be called into operation in compensated cardiacs when firruln- 
tion deteriorates. This h}'pothcsis has still to be subjected to cxpcriinentnl proof. 

An increase in renal fraction of the cardiac output occurs in cardiacs whenever 
the efficiency of their heart improves. Such a rise also frequently occurs spon- 
taneously at night (1) and it is accompanied by haemodynamic changes .Mtnilar 
to those observed during adrenergic blockade. This spontaneous rise in the renal 
blood flow is accompanied by an increased urine flow which is p.arf ly due to an 
increase in the rate of glomerular filtration but especially to a diininished re ab- 
sorption of water. Were the primary cause of the renal vascular clianges removed 
by the adrenergic blockade ive would e.xpcct a similar rise of the urine flow. Tin- 
occurred in 8 out of 11 decompensated cardiac who.se renal blood flow inerc-ved 
after Dibenamine. In 7 of them this ri.se in urine flow was effected l>y a com 
comitant change of the rate of the glomerular filtration and tubular reab^orptior. 
whilst in the 7th it was produced in the first place by a decrease m the tutnilnr 
rcabsorptiou. Alreadv when reporting our results we drew attention to the fa- - 
that one of the 3 subjects in whom the increase in renal blood flow ' 

companied bv anv rise in urine fiow, received Diliydrocrgobaimnc instead o Dm- 
amine whilst the 2 others received 10 instead of n mg Dibenamine jur .. - • 
In subject Xo. S and 14 increased renal blood flow was 
the rate of the glomerular filtration. Hence, the fact that f 

and even fell, pointed to an increased tubular rc.absorption of va ■ • - 

decompensated cardiacs there is no parallelism between the rate m rum! b. 



GKSKSIS OF RESAL nAEMODVNAMIC CHANGES IK HEART FAILURE. -O-' 

floiv and urine flow in normal subjects (3). The same bold true also for changes in 
urine flow following Dibenamine in our 5 normal subjects. Their urine flow always 
decrea.scd, although their renal haemod)mamics exhibited various and incon- 
sistent changes. This fall in urine flow was due again in the first place to an in- 
crease of the tubular reabsorption of water. 

It seems, therefore, that Dibenamine has normally an antidiuretic effect acting 
through an increase in the tubular reabsorption of water this action being reversed 
in some decompensated cardiacs through renal haemodynamic changes favouring 
enhanced water excretion. 

The observed changes in the elcctrolj-tc output are in a good accord ivith our 
previous findings that distal tubular reabsorption of extracellular electrolytes is 
influenced by the speed of urine flow through this segment a slow rate of flow 
allowing a more complete reabsorption and r-ice versa. 

In conclusion we may say that the increased renal vascular tone in heart failure 
may lie reduced by a direct blockade of adrenergic impulses reaching these ves- 
sels whilst a normal renal vascular tone remains practically unaffected by such a 
blockade. It follows that this pathological increase of the renal vascular tone is 
at least to a great extent of neurohumoral (adrenergic) origin and thus in the same 
way as the increase in the general arteriolar and venous tone is of reflex nature. 
This homeostatic mechanism helping to maintain temporarily an adequate blood 
supply to the heart muscle, to the brain and to the muscles has an adverse effect 
on renal function. Its consequence, i. c. a disturbed water balance with accumula- 
tion of salt and water in the body threatens in the end the whole organism. 

Snmuiary. 

1. In 4 normal subjects and 15 subjects with heart failure the influence of 
adrenergic blockade with Dibenamine or Dihydroergotamine on renal haemo- 
dpiamics and function was studied in relation to general haemodynamics. 

2. In 2 normal females there was no change in the resistance of the renal vas- 
cular bed after Dibenamine. Consequently when cardiac output fell following 
adrenergic blockade, ther was as fall in renal blood flow. 

3. In 2 healthy females exhibiting a marked anxiety throughout the course of 
the experiment renal vascular resistance fell and renal blood flow increased fol- 
lowing Dibenamine. 

4. Similar changes of renal haemodjmamics os mentioned under 3 occurred in 
11 subjects with heart failure. In 2 compensated cardiacs there was, on the con- 
trary, an increase in renal vascular resistance and decrease in renal blood flow 
following Dibenamine. 

5. The changes in renal vascular resistance after adrenergic blockade were in- 
dependent of changes in general haemodynamics, f. e. of a transient increase in 

cardiac output and a decrease in peripheral resistance. These were reported in a 
previous paper. ■ . . 

G. In 8 subjects with heart failure, 1 compensated cardiac and 2 normal females 
the rate of glomerular filtration changed in parallel with changes of renal blood 
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flow. The changes of the former were of a minor order than the ch r t 

latter In 6 subjects there was no parallelism between changes in rcnl iml'fi '' 
and glomerular filtration. 

(. Urine flow increased at the same time as renal blood flow in 7 o- 

diacs in faille who received .5 mg or less Dibenamine per kg hodv weight. In 
subjects with heart failure who received 10 mg Dibenamine per k- b. w. th<’ i- • 
crease m renal blood flow was accompanied by a decrease in urine flow. Thi> saw'.-, 
effect was noted in 1 cardiac who received Dihydroergotamine and 2 normal ?uli. 
jects. The fall in urine flow was due mainly to an increase in tubular rcnb^oriainr! 
of water. Arguments are brought forward to the belief, (hat this incre.aMd rate 
of tubular reabsorption was due to a stimulation of the posterior lobe of th>' 
pituitary gland. 

8. The clearance of sodium or chloride changed in relation to changes in urine 
flow. IITien urine flow increased, a smaller percentage of filtered electrolyte w.-\s 
reabsorbed than during low urine flow. 

9. Sodium and chloride are excreted independently. 

10. It is concluded that the increased tone of the efferent arteriole in heart 
failure and secondary changes of renal function which arc due to it are, at hast 
to a great extent, of reflex nature. 
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Iiitroductiou. 

When HcncU and his co-tvorkers first reported their experiences of Cortisone 
and AGTH in rheumatoid arthritis, they took pains to emphasize that these ex- 
periences did not entitle the use of these hormones to he regarded as »treatmenti>. 
The continued development, however, has lead to widespread use of these remedies 
in rheumatoid arthritis and in many other diseases. 

It is still a matter of discussion whether ACTH and Cortisone have any cstah- 
lished value in the therapy of rheumatoid arthritis. In the long run practical 
experience will he.st show the therapeutical value of the preparations. Reports 
have been presented among others hy Boland and his assistants and hy Freyherg 
and his assistants. 

In July 1951, Boland presented his findings with 76 artliritic patients who had 
been treated during a period varying between 6 and 15 months. 27 of the patients 
were treated for more than one year. In about 2/3 of the cases Boland got a fully 
satisfactory result. During the Cortone treatment these patients were able to 
perform their ordinary work, walk and move without help of analgesics. Treat- 
ment was interrupted in 16 cases (about 20 %) because of decreasing effectiveness 
and in 7 cases (about 8 %) because of undesirable side-effects. In about 40 % side- 
effects of mild and temporary nature rvere observed which did not force a dis- 
continuation of the medication. 

In September 1951 Freyherg and his assistants reported their experiences of 
prolonged uninterrupted Cortisone treatment in 44 patients with rheumatoid 
arthritis. 17 of these patients were treated for longer than 6 months, 9 more than 
10 months and 4 more than one year. In 82 % of the cases good autirheumatic 
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effect \vas obtained; full remission was not attained IwU ih 
pains and the motility in the affected joints increa.ccf 'l,, 4 
able side-effects forced a cessation of the treatment Cltif ^ 


The Present Investigation. 


In the Central Hospital, Orebro, between ]DD1~1953 aboat .'50 jiatifiit. ^uftVpr. 

arthritis have been treated for shorter or longer period. iri;'> 
ACTH and Cortisone, chiefly the latter, and it seems to he of intero.-t to pn-..,.,- 
our material. 20 patients have been treated for a prolonged jicriod ami nniv tb v 
are mentioned here. IG of the patients were women and 4 wore men Tlieir n<v 
ranged from 27 to 04 years. The periods of treatment varied. I ease.s },ave 
treated for nine months to 1 year, 12 during 1—2 years and 4 during 2-;i v'.u" 
Thus most of them have been treated during more than one year. Even one y.,'u 
is admittedly too short a time to estimate the results of a treatment of stiidi a 
lingering disease as rheumatoid arthriti.s, but the data for these patients treat, d 
for a long time might illustrate the value of the treatment from several points (\f 


view. 

Cortrophinc (Organon) has been used as the ACTII preparatinn of clmire and 
Cortone (Merck) as a Cortisone preparation. Besides the hormone treaftnent th; 
patients received low doses of salicylates when nccc-ssary, and the treatment }i.a< 
been supported with customary physic.tl therapy such ns warm liatlis and iirtive 
and passive movements. 

The 20 long term patients mentioned in this material have nil been treated witli 
Cortone. We started with intramuscular injections in daily decrc.asing ilf.-fi 
(usually^ 300, 200 and 100 mg). After a short time the patients generaliy received 
the preparation in the form of tablets, which enable continued medication at home. 
^Ye have found that tiic maintenance dose necessary to abolisli pain and permit 
work ranges between 2— 2‘/j nud 3 tablets, corresponding to GO— 07.r< and T.') n.'.:. 
The tablets have been given in 2 or 3 doses. We have not considered it necessary 
to follow the treatment with more detailed analyses of the metabolic proref‘'-< 


but haA'e confined ourselves to the usual clinical methods. 

In judging the degree of severity of the cases, the author has followed a. rIo=<!y 
as possible the instructions given by the American Bheumatisni As'oejanr.n 
The cases have been divided into i groups: 1) Mild, 2) Moderate, .5) Mof .r.tt' ; 
severe .md 4) Severe cases of rheumatoid arthritis. 

Among the mild cases were counted those patients who had slight joint ■•yn.p- 
toms .and no destructive cliangcs rocntgenologically. They were abb- to p.-rl-rn 
their ordinnrv work and move without- impediment. : 

To tlie second group (moderate degree of severity) tliose patents were 
who had slight destruction of bone and cartilage proved by A-r.ay^. .a- ' • 

deformitic.s nre not included in this group, but the patients in this gmuj. n 
reduced power of motion in affected joints and .sometimes .a .seronUary n-n ■ 
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atropliy. Cn«es with cxtra-articular soft tissue lesions such as rheumatic nodules 
"and rheumatic tendovajiinitis are also assigned to this group. To a large extent 
"these i)atient 5 have been able to do their work but had reduced motiUly in one or 
.several joints. 

To the modcratelv .severe group were assigned those patients who had destruc- 
tions of ciirtilage an’d bone in affected joints, proved by X-rays. They had deform- 
ities of joints with subluxation, ulnar deviation, hyperextension etc. but no 
ankylosis in affected joints. Most of them had a genuine secondary muscle atrophy. 
The-se patient-s were able to perform only a small part or none at all of their daily 
work and they have generally not been able to dre.ss or oat without hcl]). 

The fourth group (severe rheumatoid arthritis) included the cases with ankylosis 
in affected joints. These patients have not been able to do any work at all nor 
look after themselves, and they have boon cither 13 -ing in bed or sitting in a wheel- 
chair. 

The results of the prolonged Cortonc treatment are brought together in the 
following table: 


Severity of J)i<c.nse 
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Total 

20 

10 

7 

3 
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li 

1 

2 



_ j _ 

1 


In order to anal 3 'ze the result of the Cortonc treatment the material is divided 
into 3 groups: 1) Very marked improvement, 2) Moderate and 3) Slight improve- 
ment. 

The first group (very marked improvement) comprises those cases who had no 
remaining indications of rheumatoid activit 3 ’, no indication of inflammation of 
joints and no remaining reduction of motility in affected joints. In these patients 
the cr 3 throc} te sedimentation rate became normal. Deformities depending on 
irre\ersible changes of joints have remained. These patients have been able to 
walk, to be out of bed and to do their work. 

To the 2nd group (moderate improvement) are referred those patients who had 
no other indications of rheumatoid activity than an elevation of erythrocyte 
sc imentation rate but no signs of inflammation, such as redness and heat in affect- 
ed joints. A slight swelling of the joint could remain. Deformities of joints depend- 
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iiig on irreversible changes have rcinainp4 Tim r>^*: » i 
of bed and to some extent to do their v,-ot1c. ^ 

In the 3rd group are collected those patients who harl mm.; • ■ ,• 

xheumatic activity: elevation of erj-throcyte soclimeniatiorrarnnir^;^ 
presented increased motility. Tlicv have I, mi 
with the a,d of support of crutches, and they have been able to ri^e frl ' ’ ' 

"I -fovemeni is insignificant from a ^ 

view it might have great social value for the patient. ' 

Side-effects from Trolonged Cortone Trcntinenf. 

Six of the 20 patients developed side-effects at some time during the Corte-.e 
treatment, some of them in more than one way. The most common adver.-v'ffiC; 
we observed was a tendency towards a gain of body weight in patients trMtcI irifL 
Cortone. Three of the patients gained more than 10 kg during one vear of CoitAr,. 
treatment. In one of these patients a »moon facei> was observed. Here is, limrcvi r, 
the possibility that this gain of weight may partly have depended on the imri.V''.! 
appetite which appeared after the diminution of pains and the improvenunt of 
the general state. 

During the Cortone therapy one of the patients developed a diabetic syivirdr,-' 
with considerable glucosuria and hy-pcrglucacmia. Wc hesitated whether to roa- 
tinue the Cortone treatment and thereby maintain the diabetes or to .stop it and ri-h 
a considerable change for the worse of the patient’s arthritis. Wc decided to mah' 
a pause in the Cortone therapy but after a fortnight the joint symptoms had 
steadily increased, and we started Cortone again with good effect. The diahet*-* 
of the patient still remained hut caused no special inconvenience, and we found 
that the state of the patient was more endurable with a moderate Cortone dos.' and 
that it was better to go on with the Cortone therapy in spite of the diabetic compli- 
cation. The diabetes did not demand insulin. .Moreover, this patient had con- 
siderable lung changes of tuherculoiis origin from long ago. No signs of activity of 
the process were observed. 

“We noticed a tendency to oedema in one of the patients. Tlie oedema, however, 
soon disappeared after discontinuation of Cortone for a short period am! aft<r 
giving salt-poor food. Jfercuriai diuretics were never called for. ^ ^ 

In one of the patients angina pectoris pains appeared during the Cortone U'M<- 
ment, and on the electrocardiogram wliich earlier had been normal t lere 
observed slight changes indicating possible damage to the myoe.irdmm.^ c 
supplied vasodilatants of the usual type and could in spite of tlm sytitp^or.,. 

continue the Cortone therapy. , 

•ilterations of the skin have been observed in 2 patients. In one - pp- • 
miid In-pertricliosis which caused no marked inconvenience and gave 
discontinue the preparation. In another patient during Ue ^ X 

some small slow-healing wound.s appeared on I p. 

was discontinued these healed quickly and shortly aftcnv.ari ■- 
used i*ully satL'^fnetory effect- 



KXPKRirXCES or rKOLO>’GED CORTISONE AND ACTH TUI.ATMKNT, »l 

None of the female patients devclopcfl menstrual disturbances. 

During the Cortonc thcrapv practically all of the patients showed a nnld euphoria. 
The general state improved and lust for life returned. No .signs of severe psychical 
alterations were observed. 

Signs of osteoporosis or spontaneous fractures have not been observed among 
the patients in this material. 

In one of the patients alarming .symptoms were noted from the abdomen (bleed- 
ing from the stomach) during the Cortonc t.rcatmcnt. The X-ray verified a peptic 
ulcer. The patient was put on ulcus diet and antacids. Cortonc therapy was con- 
tinued with .fjO mg .every other day. Roentgenological examination after one month 
did not show any signs of ulcer. 


Some Case Reports. 


As an example of very marked improvement the following case is reported. 

Case 1. (Journal no. OS 05 03). A ‘J5-ycnr-old woman wlio liad been suffering from 
rheumatoid artliritis since she was 39. She was nursed in one of the Hospitals administered 
by the State Pension Hoard. She got roentgen treatment and gold injections with tem- 
p’orary improvement. The last years she had an obstinate pain in her joints and pains 
when moving. Changes were observed in finger-, hand-, elbow-, shoulder- and knee- 
joints which were swollen and sore. She was admitted to the hospital on March 3, 1952. 
At that time she had a moderately severe rheumatoid arthritis. Erythrocyte sedimenta- 
tion rate about 20 mra. At first she was treated with salicylates and physical therapy; 
no obvious impro\’eniont. Later on Cortonc treatment was administered with extra- 
ordiiiar}* effect. Now the patient was able to make some movements, earlier impossible: 
.she could raise her arms straight up, do her hair and button the back of her dress. She 
could clench lier hands perfectly and go down the stairs (which was impossible before). 
She could pick up things from the floor, her knee-joints slightly bent. She was treated 
by us for a month and was later discharged for continuous Cortone medication at home. 
As minimum dose to keep the patient painless 75 mg (272 tablets) of Cortone was required. 

The patient was checked by us after half a year; still good result without side-effects. 
Another chock after one month. She got along very well. She was able to perform house- 
work except washing. The Cortone dose was reduced from 272 to 1 tablet (25 mg) a day 
but she had to take salicylates as a complement. Checking her in September 1952 we found 
improvement of the general state and the joints. In March 1953 the patient was taken in 
.again for a short period of observation. She reported that she could keep the house, do 
the shop])ing, the cooking and the washing. She had raised the dose herself to 3 tablets a 
day. After she had .started with 1 tablet only, pain and soreness had gradually reappeared 
in nearly all her joints. She was discharged after one week for prolonged uninterrupted 
Cortonc treatment at home. The erj-throcyte sedimentation rate kept down about 9 mm. 
No adverse effects were observed, only a slight joint swelling. Good motility in all joints. 
This case has received Cortonc treatment for almost V-j. year. 


As an example of moderate improvement the following case is reported. 

Case 2. (.Tournal no. 09 03 00). A 44-year-olcl woman was taken ill with rheumatic 
joint disease at the age of 2S. Between the years 1941-1950 she was nursed on several 
occasions m .a State Pension Board Hospital. There she got 10 series of gold injections 

'a improved In 1947 she began to be grajdsh blue in her skin 

and this vas explained ns aureosis. The patient hemelf considered the gold treatment of 
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great value. Ep^throcyto .-icdimentation rate Imd uEo iioninlizr.,! , 

ever became shorter after every nexv cure ami ti.e Pat nt ■ ' ' 

"■ “• s ; 

patient ava.s admitted to our hosiiital \’e irlv iev, t , 
at that time, the patient could hardly avalk indoors and md nl Slolt ohl\ ;:''' Tf ' = 
v.as characterized as severe because of the deformitie.s m almost a([ join*. Fo-'"!' *' ' 
the patient got daily Cortonc injcction.s of 100 me. Tin' r.-'uit ...'/.‘T-'.' 

The feeling of illness disappeared, .she could reduce the salicvlate do- aiM I ■ ■ i 
appetite Objectively a reduced sivclling of the joints and an 'inerra-.d movt,;'-' ; V, i' 
served. The erythrocyte sedimentation rate went down from 67 to 15 mm ■ 

home after 3 weeks. The effect lasted about a fortnight. Then th- inti-nt -p/ivt'- '. 
worse with stiffness and general feeling of illness. .Vfter a month she wa< “ lav*’, i .*• ! 
got Cortonc injections with fully .satisfactory rc.sulf. The erythroevt- ra.liun’ m.uba r..!.' 
went down from 79 to 20 mm. Subjective and objective improvement of tie' jm'r.'. p. • 
3 weeks the patient got daily injections of 100 mg. Then we charged to ini. ctioV* - 
second day for one week and a half, after wliicli the p.atient w.as di'chargr,). Kv. „ 
the effect remained for about a fortnight. 

Cortonc injcction.s were given again with promjit ami .striking re.^iilt. Tb.> entii 
sedimentation rate went down from 80 to 20 mm. Tlie first two weeks slie cot loo ng. f 
Cortonc a day, later 100 nig every .second day. Thi.s do.se, however, .seemed to l-l- • 
sufficient: the patient got back the joint .smptoms with jiain ami stiffiu’.<s. Tiiecrytlin-'v!.- 
sedimentation rate went from 35 to 28 mm. Then daily injections of 100 mg'ner.p-;. 
ministered. She soon became free from .symptoms and wa.s di.sciinrgod in September Ib'd, 
At home she liad to give liersclf Cortonc injections (tablet form was not yet obt-iiinbl.''), 

The patient was later supervised by our out-door department ami for the pu'-' iit 
takes 50—100 mg daily in tablet form. Since .Augu.st 1951 ami constantly the ! >■ 
taken this dose. She hasatthcraostboeniiblctoiimkeupau.'eofG— Iday.'iiulhetli'r.ipy, 
The patient can now keep her house tolerably well ami be oat of bed. This p.iti'n.; j, ,■ 
been treated with Cortone for almost 2'/i years with good effect without nb-erving .■'.’.i 
side-effects. 

As examples Q,f slight improvement only the following ca.srs are report'd. 

Case 3. (Journal no. 07 09 30). -IC-ycar-old woman wlio .since .die was about bii l.v 
slight joint troubles. Gradually she got accciitnntcd synijitoms with swelling, .-tiffm - a 
pani. She was repeatedly treated at Central Hospital, Orchro between 
1917, 1919 and 1950, in the intervals at different s.-imitori.a. Treated with goM n.j'' P 
and roentgen witli tomporarv improvement. 1919 implantations of calf pHmt.wy i;a' 
and injections of calf pituitary gland with improvement. 39.50 the jiatumt w.as aU,'' 
walk indoors with support, hut not out of doors. She could eat without b< li> ar.-i « n 
with difficulty. Testosterone injections were tried and a moderate iinjirov'-m' i- 
temporarily obtained. i 

In October 1951 she w'us again admitted to our liosjutal. .It that tim- . Iw w.i n • 
to walk at all and had .severe joint deformitie.s with .dretch ■' at fi- 

She went in a wheel-chair. In February 1953 homone therapy wa< ^ 

Cortrophine injections were given, later on Cortone During t ii- <■ 
improvement. The patient could walk with the aid of s ick>, get out 

1 T — i- .....P ...itnU Ilftvr Ttl*' lull 



„rp.aticiit’ 

therapv at home (2—3 tablets it 25 mg daily). , ^ 

Thb patient was hospitalized in ^ovcmlKT 19a.. ..he f,, 

joint.s. .She had been able to oat witlioiit liclp but no o i ■.‘j'r.f pKi f !.e nr t e . 
lying to .sitting posture. Now .she got another .senes of Cortonc luj' ctmii. ( V 
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200 the following and 100 nig tlic third day), whereupon wo gave the preparation in tablet 
form (25 mg X 4). At the same time she got physical treatment. Subjectively considerable 
improvement. No pain and much more flexible in her joints. She could walk and move 
with the aid of sticks and sinvalid chain). The patient has since been supervised by our 
out-door department. She still goes on with the Cortone and can be out of bed and walk 
with support. She can take part in house-keeping. Earlier she was an invalid confined to 
her bed. The patient now takes 2 tablets a day (50 mg Cortone). She has been treated for 
about E/" year and no adverse effects have been observed. 

Case 4. (Journal no. 25 09 23). 27-year-old nurse who since the age of 24 suffered 
from liimcrin" joint disease of gradual onset. Treated with gold injections and salicylates 
with moderate effect. In April 1950 the patient was admitted to our hospital and treated 
with Doca and implantations of pituitary material. She imiiroved and had only slight 
swelling and stiffness in finger- and knee-joints. Later on she spent 2 months in a sana- 
torium getting physical therapy, roentgen therapy and gold injections. She became worse 
rather than better. 

Cortone was administered in February 1951, at which time the patient suffered from a 
■severe rheumatoid arthritis and was socially much invalidated. For half a year she had not 
been able to perform her work. After the administration of Cortone an obvious im- 
provement started. The swelling was reduced and .she could move her hands fairly well. 
She was discharged after three weeks and continued with an uninterrupted Cortone 
treatment at home (25 mg X 2—3). As long ns she took Cortone she felt painless and was 
able to work. The erythrocyte sedimentation rate went down from 22 to 9 mm. 

In June 1951 she reapjicarcd in the hospital for a new series of Cortone injections with 
improvement. In September 1951 she was nursed in one of the ho.spitals administered by 
the State Pension Board for 2 months. Got ACTH and jiiiysical tlierapy and improved. 
The patient was later controlled in the Medical Clinic of Central Hospital, Orebro. She 
takes now 2'/: tablets = C7 .j mg of Cortone a da}*. In parallel with Cortone she has to 
take 2—3 grm of salicj'Iates. Can walk almost without impediment, clenches lior Imnds 
completely. The erythrocyte sedimentation rate has been about IG mm. Tendency to 
oedema observed on one occasion, but lately no side-effects except slightly increased 
growth of hair on her arms. 

This young woman was on the point of being completely invalidated from 
rheumatoid arthritis. She had just become a certificated nurse when the disease 
struck her and made it impossible to work and gain a living. In spite of joint 
deformities with iihiar deviation and swelling of the joints she is able to work as 
nurse 8 hours a da)*. 


l)iscu.ssion. 

We have found that in rlieuinatoid arthritis an improvement of joint state is 
regularly obtained with Cortone. When we liavc tried to withdraw the preparation 
a deterioration has occurred in a fcAv days. As rheumatoid arthritis lias a Ion" ami 
often progressive course, Cortone must be adimnistcreci during a loii" period 
Thus continued Cortone medication at home after treatment in a hospital has 
become necessary Since the preparation is still expensive, 50 % of the costs of this 
medication have been granted by Urebro L/ins Landsting (the Count, v Administra- 

1 n). Most of the patients ivere hcalth-msurcd which secured the other half of the 
cost). 

In no case have we noted the development of resistance to Cortone. 
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_ Wc have Obtained as good an effect hy oral medication as by i„, 
mpction of the same dose. As a rule, however, the treatment was .Mart<^l vi-t. 
injections. As appears from the table, most of the patients in this material i' v.^ 
suffered from severe or moderately severe rheumatoid arthritis. Before the Cotm- 
therapy some of them had been bedridden invalids, but since the hormone tre.it!;Vn‘ 
has started they have been able to be out of bed, to move and perform their thiU- 
work tolerably. Of the 5 severe cases 2 have become moderately and .T .diditlv 
improved. Of the moderately severe cases more than half of them have beenne- 
markedly improved and the others moderately. 

Appreciable side-effects have appeared in about 30 % of the cases. Thcsi-, hna- 
ever, have all been mild and in no case necessitated the withdrawal of the prepar.’.- 
tion. 

Our purpose in presenting this material lias been to show that in many c.n-c< it 
is possible to perform long-term treatment with Cortonc successfully in p.ati' at? 
suffering from severe or modcratclj'- severe rheumatoid arthritis. 

We have found that in appropriate cases a considerable improvement of tl.e 
illness can be effected with Cortonc and moreover tliat it is .Kometimes py’-ihii' 
to render these severely invalidated patients fit to work, wholly or p.nrti.illy. 

This improvement could he maintained for a prolonged period with the nil 
of uninterrupted Cortonc therapy. From a medical point of view the ca'c.« no- 
not cured, hut socially the effect is of great importance for thcmsclvc.s and their 
families. Most of the patients were housewives. 

We consider that, with the aid of Cortonc, some of the more or Ic.^s invalilntcd 
patients have been brought hack to social life. 


Summary. 

Long term treatment of selected cases of rheumatoid arthritis is practically 
possible and may give valuable medical and social improvement, a modemt-j 
Sr(50 to 75 i . d.r) onfovoomblo .iJe-ctreots tv.,0 .tl.lom or »rv„ 
in 20 patients treated for "/j— 3 years. 


Roforoncos. 

Edward N. Boland: Brit. “• j’ A.'jhl' iw’k 


Acta Moilica ScandiiiaTica. Yol. CXLVIEI, fasc. IT, 1951. 


From the Medical Department of the Stavanger Hospital, Stavanger Norway (Chie^ 
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The Syndrome of Higli-Titre Cold Hacmaggiutiiiatioii. 

A Survey and a Case lleport. 

By 

ICARL R0RVIK. 

(Submitted for publication October 16, 1953.) 


Cold Haemagglutination (c. h. a.) was discovered and described in 1903 (34) 
and found in human beings in 1918 (12). 

Cold hacraagglutinius of low titre arc to be found in at least 95 per cent, of 
normal, healthy human beings (32). Pathological titre figures may be found fairly 
regularl}" in cases of primary, atj’pical pneumonia (22, 39), as well as in certain 
tropical diseases such as trypanosomiasis and tropical eosinojihilia (23). High 
figures arc comparatively often found in association with other infections, par- 
ticularly when they involve the respiratory tract (21). In cases of mononucleosis, 
cold agglutinins maj'' lie found as well as heterophil agglutinins (7, 15, 21), to 
some extent with a relatively liigh titre and in association with hacmolj’tic 
anaemia (15, 18, 57). On rare occasions an abnormal c. h. a. may occur in as- 
sociation with leukaemia (21, 26) or lymplioblastomn (3), or for some unknown 
reason. 

It has gradually become oAudent that c. h. a. may not only occur ns an insignif- 
icant phenomenon in association with a variety of different conditions, but may 
be found with a high titre in patients presenting certain definite symptoms or 
symptom-complexes independent of the basic disease from which they are suf- 
fering. 

Thus one may see acute or chronic Itacmobjtic anaemias which, as far as one 
can see, run a course which is independent of actual cold effects, and Avhich also 
do not seem to be determined by the c. h. a, itself. In some cases the simultaneous 
existence of haemolysins has been demonstrated. 

Further, certain ‘peripheral, vasetdar sijmpfoms and/or paroxysmal haemoglobinnria 
may be present. Those manifestations are found to occur only when and if the 
person concerned is exposed to the action of cold. 
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up to 19i7, 19 cases of c. h. a. associated wiH, i 

tions, had heen puhlislied (2C). ^ 'a^cnlu 

to these I imve found 15 others ({, 8, 10, H. 27 •'<. -r. 
49, o2) beside the case I am about to describe. 

These patients complain of being abnormally sensitive 
to .vhich tlie.v develop acrocyanosis and lla.tmaud’s phonome 




5-J. !' 


C to on 

patients on reco^ (3D. 42, 48. 49) developed gang^e;,; ■ 


to the prolonged action of cold. In .some 


tigfrs ni f' 


cases a more or less marked t. i.d, 


to develop thromboses has been okserved (4, 30, 40), sometiums rviih nmh-,,'. 
thromboses (40). It is po.ssible that gangrene of the fingers ortoesari..> 
sponse to small multiple thromboses in the.se structure.s. 

Paroxysmal cold haemoglobinuria in association rvith c. h. a. i.s abo fairlv nr.- 
although it is possible that cold agglutination i.s a relatively frerjnenf e;iii- of 
this condition which is in itself rare (49). In 1913, Stats & Ijiillmva (48) co!).,;. .! 
17 cases to which they added one of their own. In addition to the.'-e <aws 1 Inv.- 
found 11 others (4, 15, 18, 29, 42, 49). Most observers have found tiiat iianne!. 
}’sis in association with c. h. a. is independent of eomplcment, and nbn occur- 
in serum inactivated by heat in the ordinary way. This is in contrast to ordin.irv 
paroxysmal cold haemoglobinuria with a positive Donat Ii-Land,steiiier rca- tiori. 
Tlierc have, Iiowever, been exceptions (18, 20, 38). It has heen dctnon'tr.it'd 
e.xperimenta])y that local cooling of a limb is accompanied by intravasnil.ir 
hromolysis (23, 48). 

In nearlj' all the published cases of peripheral distnrl>anre.s of the cirnilatior!, 
with or without paro.xysmal liaemoglohinuria, the maximum cold agglutination 
titre was between 1 : 500 and 1 : 3,000, being no greater in the ca^'s in which 
gangrene set in. There was one o.xception (48) to this rule, and in this ca-c the 
titre was 1 : 32,000. Tlic lowest maximum titre was 1 ; 250. In two other c.a''* 
(4, 5G) titres were found of 1 : 2 millions and 1 ; 2.G millions. In oth'-r rc-pen^, 
these cases did not differ from the other cases in the inlcn.sity or rliar.icnr of 
their symptoms. 

Only a few cases with such very high titres Jinve heen put on record (1, 19. 
21, 31, 50). The character of the basic disease has varied, and the aetiology ha- 
often been obscure, even though the disease has lasted for montiis or year.- (f, 
31, 5G). Several of the cases referred to have presented neither m-rocyam.-i- n«r 
haemoglobinuria (19, 31). It would thus .seem that no definite relation-hi}i 
been established between tlie magnitude of the cold agglutination titre and t.e- 
intensity of the symiptoms. 

In the following case, with Kayuaud's syndrome based on c. Ii. a. oitii .i 
of a hitherto unknown magnitude, there were manifest at inns whudi m ert.w. 
respects differ from those observed in cases ])ul)li.sheti earlier. 

An unmarried wom.an. aged GO, had abvay.s enjoyed 
be noted in particular that .riie had never ].re,=ented signs i - 

liver disease or .syj.hilis. Slie iiad never been pregnant and ‘ .7;., ' , , 

no family hi.story, ami two brother.M-tdl ail. f. " t 


i)v transfusion. There was 
'In the autumn of 1919 she gradually boc.amr more 
Ravnnud'.s syndrome ami cyano.sis of hands, ears, tij 


ami more .‘•-n-itive to roll, vC 
.and rhf 'dr wt.- r. u 
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were exposed to cold. At the same time she experienced groat lassitude and sense of 
weakness but never any shivering or marked malaise. 

On examination in April 1950, c. h. a. was observed in f f .*'°”mimon??t 

macrosoopic agglutination being demonstrable even in a dilution of 1 . 42 miUions at 
a temperature of 4° C as well as at room temperature. But there was no macroscopic 

^°Her sjmiptoms increased in intensity, and some improvement in the following summer 
was succeeded by considerable deterioration in the autumn of 19ol when, in addition 
to her earlier symptoms, she developed enormous swelling of her ears which were red 
and oedematous, presenting small and large weeping ulcers. There were similar ulcers 
on her forehead and temples in a position corresponding to the liat-bnm line. Un her 
admission to hospital in November 1930, she also presented quite marked oedema oi 
her feet and lower part of her legs. Her arms showed no oedema or skin changes, but 
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Fig. 1. Ulcers on tlio upper nrni over nn area corresponding to the position of the cuff of ii sphygmo- 
meter arc .seen to he covered by crusts. 

after her admission to hospital she developed numerous cutancous-suiicutaiieous necroses 
of different sizes with ulcers running round both licr npiicr arms. Tlic.se ulcers formed 
stripes embracing the upper arm in a po.sition coiTOspoiiding to the site of a torniqnet. 
They corresponded on the other side to the position occiiiiicd by the cuff of a sphygmo- 
meter (see fig. 1). All these ulcers were coi'cred by dark crusts wliich were slow to heal. 

The fingers were cyanosed at a room tciiipernture ns high as 22—23° C, and when 
the room temperature was lowered n few degree.s, tJic jiatieiit developed JiaynaiuVs 
syndrome, and her cars and nose became cyauo.sed. She had to wear gloves in bed, and 
to cover parts of her face with cotton wool so ns to avoid irreversible injuries when she 
happened to be chilled. Her cold agglutination titro had risen to 1 : IGS miliioii.s (whereas 
in June of the same year it had been 1 ; 5.2 millions). 

She has gradually improved in the cour.se of the sulisequcnt three venrs. The cold 
agglutination titre has fallen gradually (see table 1). But she still .suffers from fairlv 
marked subjective discomfort in the form of Eayiiaud’s phenomena and cyano.si.s when 
she IS cold. Her ears are apt to develop ulcers in the cold of the win! or. Curiously enough 
she has never suffered from ulcers on licr hands and feet, and she has never developed 
gangrene. On one occasion in 1950 she may, perlmp.s, have lind an attack of Imcmaturia 
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Haemoglobiimria has never been discovered, and it 1ms not been jirovoked bv eti‘o<’if.> 
of a limb to cold. . i " 

On three oc^jasions she has been treated in ho-^pital for her ailment — in .April .ar i 
November 1950 in the IMedical Department of the Stavanger Hospital, nrid in 
1953 at the Medical Dopartraont Till of the UJlcvaa! Hospital. She has nbo i^.n i t- 
amined from time to time under ambulatory conditions. In .spite of soareiiing examinv 
tions, it lias never been possible to discover any e.vplanation for her .severe e, h. a. Th'.’- 
has been no clinical or radiological evidence of di.'cnsc of the clic.^t, abdomen or nri.'.n- 
genital system. The patient is a virgo. A radiological e.vaminntion of her skull and ‘pit-." 
has shown nothing of significance. Tlie arterial pulse of her limbs is norma! and ryn- 
metrical. The lower pole of her spleen has been palpable .■lincc Febni.ary ll'.Vj. She hi> 
ail the time presented a quite slight haemolytic anaemia (see table 1 et seq.). 


Observations Concerning the Cold llaoinagglniinalioji. 

It has been difficult to obtain blood for the nccc.=sary tests at ordinary room tem- 
perature. 

The blood stiffened in the needle and gln.ss tubes, a.ssuming a gntnular ajii'e.-ir.'.r.ee. 
Even when instruments and glass tubes were warmed, it wa.s difficult to obtain cno;!;), 
blood. Punctures for blood had to be undertaken at a room tem]HTatnre of 2' —.7) t, 
or the patient’s arm bad to be warmed before puncture. By jnitting the .-ainph s of i ! 
promptly into a thermostat at 37“ C, some of the contemidnted te-fs could !"• c.irne’l 
out. Besides, during the first two year.s, the mcehnnicnl fragility of tlm ' 

was so greatly increased that it was very difficult to obtain sarnph'f of bio»! wj!), 
liacmoly.sis occurring during aspir.ation, and success was itnjio-sible without *'''■ *'• "’'j' 
mentioned procedure involving warming of the patient and of the iintruiu'-nt'. Iw'...''. 
y.si.s set in promptly when the .sample of blood \vn.« lightly shaken ^ 'V'i-' c^ntruuK'-.. 
or when the glasses were turned upside down a couple of times, nben O-b.rxv c 
puscles avere added to the patient’s scnini, they immediately .nrrjuin d lb'" .--atr.'* ; 
erty. It was obviou.s that this change in the behaviour of the (t-bioo'l 
curred almost instantly at the high cold agglutination titre existing at the tir..-. . 
of te.sts h.'id to be abandoned during this ])eriod. , , , 

The maximum cold agclutinntion titre on macroscopic recoTvime aU<r a «am!. .j 
stood over-night at -I" C was 1 : 16S millions when or/lnmry tecnbiqu.- ar.u v.. . . 
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0-blood corpuscles -were employed. A similar titre was obtained with tbe patient’s own 
blood corpuscles or those of other human beings irrespective of their blood group. As 
long as mechanical injury was avoided, no haemolysis set in even on frequently repeated 
chilling and warming, whether the blood corpuscles employed were the patient’s own 
or belonged to others of a compatible group. 

When series of samples were set up at different temperatures, the turning-point for 
incipient agglutination was found to be fairly close to 26° G. When the cold agglutina- 
tion titre was at its highest, and when serum was stored in a refrigerator at 4° C, a jelly- 
like mass was precipitated, filling the central part of the glass tube, and being surrounded 
by clear, fluid serum. This jelly-like mass chssolved at once when the serum was put 
in a thermostat at 37° G. But it did so with difficulty at room temperature. This process 
recurred when the serum was again put in a refrigerator. The size of this jelly varied 
in the different glasses, but it was always there, and it existed in all the samples taken 
during this stay in hospital (November, 1950). It developed more easily and to a greater 
extent when the precipitation could occur around a small organic focus in the form 
of a small clot of fibrin or small foreign bodies introduced into a glass. 

It should be added that when a sedimentation rate test was carried out at room tem- 
perature and at 4° C, the column of blood corpuscles underwent considerable sinking 
very rapidly, and thereafter stiffened to a mass with a granular appearance, ■with the 
result that no further fall occurred (see table 1). 

In spite of the high cold haemagglutination titre figures, hyperglobulinaemia rvas 
never found on fractional protein determinations (see table 1). But here, too, a reserva- 
tion must be made with reference to the exceedingly high titre to be found with the 
ordinary technique, as the following investigation from the State Institute for Public 
Health showed in May 1950: 

Serum in geometrical dilution in the usual way showed the foUoudug titres: 37° C : 0, 
room temperature: 1 : 2=^ 5° C : 1 : 2'^. 

Serum fluted 1 : 1,000 titrated further: 37° C.: 0, room temperature: 0, 5° C.: 1 : 
128,000. 

An electrophoretic examination was carried out in February 1952 and in April 1953. 
Both dia^ams were fairly similar and showed nothing definitely pathological. At the 
last examination definite splitting of the beta globulin fraction was found: Total protein 
6.11 g/100 ml, of which the albumin was 69.i %, alpha globulin 1.8 %, alphaj-globulin 
5.1 %, betaj-globulin 6.o %, bctaj-globulin 7.i %, gamma globulin lO.c %. 


Some other tests; 

Serological syphilis reactious (Wassermann, MKB. II, Kahn) negative. The thymol 
test negative, the Gross test negative, Takatn-Ara negative, scrum formol-gel (Bing) 
negative, the Paul-Bunnel test negative. Blood type: A.MEh -f (D -f ). Eosinophil cells: 
normal cell count. Differential counts showed nothing abnormal. 

There was a slight anaemia of the haemolj'^tic type partially compensated by increased 
blood regeneration (see table 1). A slight degree of splenomegaly bad developed. Tlic 
osmotic resistance of tbe erythrocytes was normal; Incipient haemolysis at O. iG — O. is, 
total haemolysis at 0.2-1— 0,2 c. 

On two occasions sternal puncture showed increased normoblastic erythropoicsis, but 
being^l^-^l”” (the ratio of nuclentcd erythrocytes to white blood corpuscles 

After the patient had been given 1,000 ml of group-O-blood on April 17, 1953, the 
i ^ <^^.««sfused cobs was determined by differential agglutination 

(Ashby). Even thoiigh the intervals between different determinations was long, tbe 

ot^^cr hacmatological data pointing to tbe c.xist- 
ence of a haemolytic process. i b 'o'- 

md DoMtli-lnnclstcinor tet car- 

ried out, and the heat resistance test was repented several times with the patient’s 
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Fip. 2. .Siiri-ioal of tlic red blood cells nfier traiisfiisicm of ),(KKI ;nl proii]) 


ocagulatetl whole blood. Tliese tc.sf.s were negative jirovided nieeh.iiiica! tmiitin 
be avoided, but the .slightest .shaking or turning of the glass was jiroiiijitlv foHo-.ud iw 
haemolysis. 

The direct Coombs’ test, carried out at the State Institute for rtihlic in 


3Iay 1950, was positive. 

During the patient's stay at Department VIII of the Ullevaal Ho-pit.al in .\[ei! I'.''", 
the cold agglutination had fallen to about 1 : 30,000, and at the same time the ni'elMni'.d 
fragility of the cells became much Ie.ss marked. The blood could now Ik- dr-ow. .v; i 
carefully transported without haenioly.sis occurring, and certain tests which had hit! ‘rto 
been impossible could now be carried out. 

Blood was drawn at a room temperature of .>0' C into warmed "l.i' - s .and 
in thermos flasks containing water at 37' C. After careful transport the fanijil' ^ tf 1 ! « d 
were c.vamincd at the State Institute for Public Health with the following’ f -•:!;■ 


Serum titrated in saline solution ngaiimt nonnal 0-blood corjai'-chs and k- pt f' r 
liotirs at 5° C gave agglutination in n dilution np to ]; Tie' dirt ct fVm.d' t- 't 

carried out on a .sample of blood set for coagulation at 37" C was mrsrke'ilyjf -itri,)' i.e 
was impossible to prevent tlie tempenature from falling some dcirreej h'dnw '.U f 
centrifuging). The reaction was essentially similar irrespective of whether or. ;:. • 
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Coombs’ serum or serum diluted as for the demonstration of incomplete Rli-antibodies 

was employed. _ 

tVlien the indirect Coombs’ test was carried out in the same way with the patient s 
serum versus blood corjiuscles from 20 different ABO-coinpatible samples of blood from 
healthy persons, there was a weaker but definitely positive reaction. There was no 
reaction in saline solution or albumin versus the same cells at 37° C. 

The patient’s papainized blood corpuscles were not agglutinated in her own serum 
at 37° C. Her tryjisinized blood corpuscles were not agglutinated in her own serum at 
37° C. In a 20 % bovine albumin solution, her ceils were not agglutinated in her own 

serum at 37° C. _ _ . 

Tests were carried out at the blood bank of Ullevaal Hospital with the technique 
described by Dacic (ll b) with the following results; 

Haemolysis tests on the patient’s blood corpuscles in acidified normal serum (Ham's 
test) proved negative. Positive reactions were obtained in tests for haemolysins of the 
cold type using non-acidified serum (the Donath-Landsteiner test). The tests were 
stored at — 20° C for 7 weeks, and fresh serum complement had to be added in the 
form of 1/2 volume fresh human scrum. The reaction was plainly more markedly positive 
with acidified serum. On titration of the liaemolysins, a titre of 4 was found in non- 
acidified serum, and a titre of 8 in acidified serum. All the controls were negative, and 
the test tubes were treated with the greatest caution during the transfer of samples 
from refrigerator to thermostat. It would therefore seem that haemolysis due to me- 
chanical trauma could be definitely e.xcluded. 

Tests for haemolysins of the »warm» t)’pe proved negative. 

At the hospital’s laboratory, attempts were made to demonstrate haemolysin in the 
patient's urine with the same technique, with and without adjustment of pH — Dacic 
(14 b and c). An attempt was also made to find out if the addition of fresh normal serum 
to the urine had any effect. No haemolysins of cither the )>cold» or swarm" type could 
be found in the patient’s urine. 

At the hospital’s central laboratory the patient’s urine was found to contain haemo- 
siderin, but methaomoglobin could not be found in her whole blood (O.no g/100 ml). 


Discussion. 

This 60-3mar-old woman lias suffered for nearly 4 j’^ears from well-marked 
Raynaud manifestations and acrocyanosis on exposure to cold. She has also a 
quite slight anaemia of the haemolytic type. Her blood serum has contained 
cold haeraagglutiniiis with an enormous titre, — up to 1 : 168 millions. 

This case differs, however, from cases described earlier not onl}' with regard 
to the height of her agglutination titre, but also in the matter of the manifesta- 
tions of her disease. 

At the times when she presented the highest agglutination titres, she suffered 
from prolonged, weeping ulcers on her ears and other parts of her body exposed 
to cold, particularly such parts as were liable to be pressed on. Such ulcers have 
not hitherto been described as a consequence of c. li. a. On the other hand, exactly 
similar conditions have been described in association with high grade cryoglobu- 
linaeinia (24, 25, 43). In these cases also there were swelling and ulceration of 
the lobes of the ears and ulcers of the skin in places exposed to some pressure (43). 

In these cases, too, ulcers did not occur on the hands or feet. Our patient also 
presented reversible jelly-formation in serum kept in a refrigerator for some 
hours. In other words, her serum fulfils the conditions laid down by Watson A' 
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Lerner (55) for the identification of cryoglobulin, llcarin.- in min,i ,!• , . 

level of the cold haemagglutination titre, it seems natural to a. ” * 

cold agglutinins in this case behaved in the same svnv -i- , ■ 
with the available methods of examination it wn.s not imssiblVtrptvrlt J'!' 
rectness of this assumption. In an earlier ca.se (-M) both cold ' ' 

and cold agglutinin were found. 


prccipitablf. cl.,', 


The liaemol^-tic anaemias existing in association with c. h. a. varv co vK- 
intensity and in the course they run. In .some ca.scs acute haemolvt'ic auan'aiv 
run a course which is to a certain extent .stormy, and they usuallv follow i , 
mary atypical pneumonia with a relatively high ngclutination litre' sulphouv, ' b 
having been used (1, 13, 14, 15, 28, 38 a, 41, 42, 47, 49) or not (5, 9, 2.!, 27) Ir 
other cases the anaemias arc subacute or chronic, lasting months or ye.s’r* (I!, t’ 
6, 10, 22, 30, 49, 53, OG, 58) often without anj' definite basic disease iu inc li-'- 
monstrable. 

It was assumed formerly that haemolytic anneniia wn.s due to intniv.i-rii! sr 
haemolysis provoked b)’ the markcdl}’ increased fragility or siiscejitibilitv of t!i- 
er)d;hroc 3 ’tes to mechanical trauma (IG, 47, 52). Exjicricncc.s in more rcc'nt ye.sn 
have, however, challenged this explanation of haemolytic annemin. Even tlioach 
there is, as a rule, a roughly parallel situation in vitro with reference to the heicht 
of the titre and the degree of the haemolysis when such blood cor;uise!e,s an- 
exposed to cold and mechanical trauma (47), it has been found that at i»dy 
temperature conditions are usually different, for now neither agclutination iv.r 
liaemolj'sis occurs (47, 5G). 

Further, the titre may be very high or enormous but witliout any or uith 
hardly any haemolytic anaemia (4, 19, 47, 49, 5()). Conversely, the titre may I - 
comparatively low, but the anaemia severe and rapidly progre.ssive (18, 22, 

53, 58). In some cases, however, (53, 58) the agglutinins were active at holy 
temperature also. 

There is also no correlation dcmoii.strablc between the degree of liaemolyti.- 
anaemia and the liability to develop liaemolytic cpisodc.s and imemogluhiunriT 
on exposure to cold (4, 47, 48, 49) and it seems to be difficult to provoke h.wir,.). 
lytic anaemia in susceptible patients by exposing them to cold (18). 

There is still some uncertainty with regard to the kind of mee.lmnism or pro" -- 
which is operative in the cases in wliich haemolytic anaemia develop-^ in a-", 
ciatioii with cold agglutination. It has been experimentally demonstrated tiiai 
the living organism rapidly di.ssolves crythrocyte.s exposed to the action of Mciii 
quantities of haemolysin (17, 51). Dncic (14 c) has deiiionstnitcd T'"';' 
of ]iaemolv.sin in 7 patients whose .sera contained a hmh titre of cold i.a-t... 
olutinins. in order to demonstrate these hacinolysiiis, it was necessary ' ‘’f':' ' 
the pll with small quantities of acid. Hhcse substanee|> vtre feoi an ' ^ 
avith an upper limit for adsorption of about 30 C. Tuy "cn > ' ^ 
and addition of fresh coinplenient was ncce.ssary. The litre was far s ■ 
the titre of the agglutinins pre.seiit at the saimi time 

Incomplete antibodies were formed .side by .side with /j,,.,. 

haeiiiolvsiii. The direct Coombs' reaction was po.utivo at .Si 
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Coombs’ reaction was positive after sensitization of normal blood corpuscles 

at 2 — 5° C. , 

In the present case the Donath-Landsteiner reaction was negative at an early 

date and on frequent repetition. Later on, small quantities of haemolysin were 
found with or without adjustment of pH. At the same time both the direct and 
the indirect Coombs’ reaction were found to be positive without any chilling of 
the blood to more than a few degrees below 37° C. 


Summary. 

With a high degree of cold haemagglutination, a syndrome which is independent 
of the character of the basic disease may be found. It consists of acrocyanosis, 
Eaynaud’s phenomena, gangrene of the fingers, intravascular haemolysis, haemo- 
globinuria and haemolytic anaemia. 

After a general survey of the literature, an account is given of a case with an 
enormous cold agglutination titre lasting many years and due to some unknown 
cause. At the same time that the highest titres were measured (1 : 168 millions), 
the patient presented certain symptoms which have not hitherto been described 
in association with cold haemagglutination. They consisted of oedematous swelling 
and weeping ulcers on parts of the body exposed to cold, particularly such as 
were exposed to a certain degree of pressure. A reversible jelly-formation occurred 
at the same time in the patient’s serum kept in a refrigerator (about 4° C). It 
may be assumed that there were cold haemagglutinins present in this case be- 
having as cryoglobulin, as also assumed in a similar case (44). 

The patient suffered from slight haemol 3 diic anaemia. Both the direct and 
indirect Coombs’ reaction were demonstrable in blood which at no time had been 
chilled lower than a few degrees below 37° C. 

After the cold agglutination titre had fallen to about 1 ; 32,000, small quantities 
of haemolysin were found both with and without acidification of the serum. 
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Ever since pernicious anemia and gastric carcinoma in the same patient was 
reported for the first time by Quincke (13), the cause of this coincidence has been 
the subject of discussion. Some authors have been of the opinion that cancer of the 
stomach was tJie primary cause of pernicious anemia (2, 21). Otliers maintained 
that the co-existence of pernicious anemia and gastric carcinoma was due to chance 
coincidence (16, 20). 

When the introduction of specific therapy made a sufficiently long fol- 
low-up possible, several authors reported typical cases of pernicious anemia in which 
cancer of the stomach occurred after a symptom-free interval of several years; 
in these instances, pernicious anemia had to be interpreted as the primary lesion. 
However, owing to increased longevity — involving higher age groups among the 
treated patients with pernicious anemia — the risk that they should die of cancer 
increased (14). 

In order to prove an retiological relationship behind the occurrence of the two 
diseases in the same patients the incidence of gastric carcinoma in patients with 
pernicious anemia had to be compared Avith its incidence among a group of the 
population corresponding to the patients Avith perjiicious anemia as regards sex, 
age, and follow-up period. 

As to the comprehensiA’^e literature on this subject, it is enough to mention that a 
number of authors (4, 5), perusing series of autopsy reports on patients Avitli p)er- 
nicious anemia, Ainanimously state that gastric carcinoma is essentially more com- 

1 This investigation ^vas supported by a grant from National Cancer Institute of tlie National In- 
stitute of Health, U. S. Public Health Service. 

- Troldhojen 18, Heriev, Copenhagen. 
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mon m these pahents than in others of the same a,e ^ronp. Siehl.^!- 
X-ray exnnunat.ons of patients with pernicious anenn'a whhour'an; ' ; ' ' ' 

toms have revealed eastric carci.unna with .strikinir freq.n.ncv pt I*,, " 

importance must be attached to the proj,moslic sfudv of pati/nti r .rr'': ' 
-incniia. Tjie foHow-up of large groups of patients with this dis-as- f„r 1 ., i' 
and comparison of the incidence of gastric carcinoma with that in ronto.! rr.* !- 
equivalent with regard to sex, age, and follow-up period - • e.tahlii'a'.V,, 
patients with pernicious anemia sliow an excess mortalitv from nastricrir. h '.s ^ 
Jt IS .striking that a numher of authors unanimously report tin's exr.-s ui'.V. 
to be about three times the expected mortality (H, 'll, 18). ' ' 

Gastritis has been mentioned as one of the possible causes of the in. r. ;!.,,! i,.. j. 
deuce of gastric enreinomn. It is known that in pernicious aneinia the '.'vir!- 
miico.sa is the .scat of patliological chnnge.s (atrophy with roiiiul-rell infiitratiei.v 
It has been suggested that these changes might he jirec.aticerous (S). .ami i* 
therefore reasonahle to explain the cancer as a result of simple malignant ih ra- 
tion of the existing gastritis. 

It is doubtful, however, whether the explanation is as .simple ns llm!. In p.>. 
nicious anemia the liistologicnl jnuco.«al change.s arc localised to the fimihi- m. i 
body of the stomach (10). The site of gastric tunioiir.s in patients with p. niivi.e;. 
anemia is still a debated point, and tbongh it has been claimeil tlint th" tmii'eir- 
chiefly affect the bodv or fundus (17), other nuthons were not able to nmfitni d.i* 
( 11 ). ■ 

illoreovcr, recent histological studios militate against any relationship 
chronic atrophic gastritis and gastric carcinoma (1, 0). It therefore se*'!'..- us •i 
natural to interpret the gastritis in peniicioiis anemia ns a secondary phenon;' 
unrelated to tlic malignant tumour. 

The possible carcinogenic action of the liver preparations has been adv.anf-d at 
one of the causes of the high incidence of gastric carcinoma in ]iatients with j- r- 
nicious anemia, but this hypothesis does not scorn to be supported by any clinii.d 
or experimental evidence. 

It has been suggested that the frequent co-existence of pernieions atifunr :v. i 
gastric carcinoma might be due to common hereditary factors ((!. 11). 

Weighty evidence has been advanced to show that inherited factor- plit- a r.I- 
in tho'^on'set of pernicious anemia (12), and recent findings seem to induat.- thit 
gastric carcinoma is also hereditary to some c.xtent (10). 

If common inherited factors can indeed explain wliy patient.^ with pi rmcet. 
anemia are more liable to develop cancer of the stomach, the <lve.i- won!-! i- 
expected particularlv often among the relatives of patients with porruemu- 

In addition to .several single cases of gastric carcinoma anione the r.-iatr.- - 
patients with pernicious anemia the following systematic studus hnvc t- a g ‘ " 

iii^hed: , 

Zancan (22) questioned 74 patients (47 men and -• woumu) i it i I < • ^ 

anemia about their parents’ cause of death. It turned out t lat ' 

mothers had succumbed to gastric c.ancer (8 %)- in a emre-pnm i ^ ^ 

jiatients wit !i gastric carcinoma, 3 of the parents had diwl from tin- dv - 
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while none of the parents of 74 cardiacs had succumbed to gastric carcinoma. The 
data regarding the causes of death do not seem to have been verified. 

Kaufmaim & Thiessen (7) examining the relatives of 48 patients with pernicious 
anemia, found cancer of the stomach in 3 of the parents and in two of the siblings. 
In their opinion, a hereditary reduction in the gastric acidity might be the cause of 
gastric carcinoma among the relatives of the parents with pernicious anemia. 
Their material is, however, of modest size, and they have no control group. 

Kaplan & Eigler (6) who recently discussed in detail the relationship between 
pernicious anemia and gastric carcinoma concluded; sPresent evidence, though 
inadequate, favors the thesis that the two diseases are linked through common 
hereditary influences.)) 

Thus, the theory that pernicious anemia and cancer of the stomach are due to 
common inherited factors is at present supported only by scattered case reports 
and inadequate systematic studies of the occurrence of these two diseases in the 
same families. 

The author, therefore, attempted to assess the frequency of gastric cancer among 
the relatives of patients with pernicious anemia, and to compare this frequency 
with that among the relatives of a corresponding control group of the same sex 
ratio and age distribution. 


Utatei'iAl. 

The series comprises 234 patients with pernicious anemia all of whom came from 
three hospitals in Copenhagen. The diagnosis was verified by the usual criteria, 
excluding all cases which were doubtful or which lacked sufficient data. The pa- 
tients correspond with regard to sex and age to previously published analyses, 
so the author feels justified in considering the series representative. 

The control series is made up of 225 healthy persons corresponding to the pro- 
band group as regards sex and age. 

Comparison of the social distribution of the two groups showed that on the ivhole 
the proband group was of a somewhat higher social level, a difference to be men- 
tioned later. 

The patients with pernicious anemia and the healthy controls were approached 
in the same way, and in most cases one or more of the relatives were contacted 
in order to obtain as full data as possible regarding diseases and causes of death 
in the family. Parents, siblings and children and in an equal part of the cases in 
both groups also the parents’ siblings were included in the analysis. In the case of 
the deceased relatives, the causes of death were, if at all possible, confirmed by 
looking up the death certificates. In all cases of cancer the course of the disease 
was investigated by correspondence with relatives and hospitals. In numerous in- 
stances the writer perused the case records in an endeavour to confirm the diagnosis 
as far as at all possible. In this way, data were obtained about the diseases and 
causes of death of about 3,000 relatives in each of the two groups or an average of 
about B relatives for each patient. The two groups of relatives (of the perniSous 
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anemia patients and the controls) ^ere uniform with regard to ..A 
manner of confemmg cancer tos the same in both series-'ln hn+T, ^ 
of the cancer cases Tvas verified by death cerHfipnf^ groups one-ttird 

m hospital, oa.,„art,t hp aa.ops^ 

on statements from the family. exclvmvely 

A^rdingly, it appeatt jattified to ose theae too series in investi.etiag *,b. 


Besults. 

The occurrence of gastric carcinoma among 2,881 relatives of 234 patients with 
permcious anemia vas compared with the occurrence among 2,956 relatives of ^'^6 
controls. 

Furthermore, the occurrence of oesophageal cancer as well as of cancer of other 
sites in both series was investigated. 


Table L 

Cancer of the stomach, oesophagus and other sites among the reJatkes oj potienU icith pzr- 
nicious anemia and the relalives oj the controls. 


{ Cancer of Cancer of tbe‘ Cancer of 
the stomach oesophagus , other sites 


' Pemidons anemia relatives f2,831 persons) ' 108 ‘ 16 i 147 , 

; Control series (2,956 persons) 83 11 123 i 


It is evident from table 1 that cancer of the stomach was the cause of death in 103 
relatives as compared with 33 cases among the controls. Cancer of the oesophagus 
and other sites was also more common in the pernicious anemia series, but the 
difference between the groups is far less marked. 

In both series the cases of cancer were evenly distributed among the various cat- 
egories of relatives, with a uniform sex and age distribution. It therefore seems 
j^ified to consider the different groups of relatives in both series together m the 

following. , , . , . 

The excess mortali^ from gastric cancer among the pernicious anenua relatives 
was submitted to a fmrther analysis by comparing the frequency of cancer in this 
series with the deaths from cancer which might be expected from the mortalitv 

in the general population (1931 to 1940).^ j i 

Table 2 compares the total number of cases of cancer in females and ma e= am 
tbe pernicious anemia relatives with that in the control series, as we as wi 
deaths from cancer expected from tbe mortaUty in the general . 

This comparison confirms that deaths from gastric cancer are 
among the pernicious anemia relatives than might be expected om e 

’ The rtafetioal calculations are doe to iL Xrhalm, actnarr, >Stat5stica*, CopeniiBt 
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TaWe 3. 

(Jornf orison of the actual number of cases of cancer occurring in the control series of relatives, 
and in the 'pernicious anemia series, with the number computed on the basis of the mortalilij 
in the general Danish population 1931—40. 

Control series. 


Males 


1 j 

1 

Cancer of 
the stomach 

Cancer of the! Cancer of 
oesophagus j other sites 

Total 

Actual number 

Computed number 

22 

41.7 

8 ! 46 

6.7 j 58.4 

76 

106.8 

Females 1 

Actual number 

Computed number 

11 

33.5 

3 1 77 

3.1 i 87.0 

91 

123.6 


Pernicious anemia series. 



Males 





Cancer of 
the stomach 

Cancer of the 
oesophagus 

Cancer of 

I other sites 

Total 

Actual number 

55 

38.8 

13 

6.3 

' 


Computed number 


99.7 



Females 

Actual number j 

53 

41,0 

Q 


151 

148.4 

Computed number ] 

0 

3.8 

\}0 

103.C 


in the general population, whereas in the control series they were fewer. Both de- 
viations from the computed mortality are significant. 

Taken as a whole, this analysis shows a significantly higher mortality from cancer 
of the stomach among the relatives of patients with pernicious anemia than that 
found m the general Danish population (1931-40). When the pernicious anemia 
re atives are compared with the control series, the preponderance of gastric cancer 
becomes even more marked - but the control series showed a frequency of cancer 
e stomach, as well as of other sites, somewhat lower than might be expected 
from the mortality m the general population. 

It IS not possible to demonstrate any definite cause of the discrepancy between 

f control series and the computed cancer Lrtl^; 
reasonable to assume, however, that the control series - collected and ana- 


.'OHAXXrS ilOSrcS 


Ijjed m exaczly tie same tvav as tie |>emicbiyr a"^nda 
ad^ate basis of comparison than the rimires rahen from - 
Whatever the rel-arionship he—een lie vabes in rhe co^mA] *.*-- 
mortaliiv starisrics, the xesaJis indicate that tie morralitv'-^c^ 
is higher among the relatives of patients trith pemidon-a-^^a 
The pernicious anemia and the control series ~ere'*Muivai - 
nmnben se^ and age. The slight social diSerence {a sometcis: “rirt 
in the pemicions anemia material) does not explain the increasei care 
Urban and rural populations are approximat'rir eauallv representA.i 
terials. ' ' ' ' 


;nv stcrij*'’ 

tiw' rarrir:.: 

hi reste:'. 
er so:;:'! i- 
cer mma!' 


As no erogenous causes of the numerous cases of nastric carcinoma ; 

in the pemicions anemia material, endogenous factors must be comdierAi 
Recent reports appear to indicate the etiological significance of hemi'rr in 
ach cancer (19). " ' 

The present evidence makes it reasonable to emlain the excess mona^hv 
gastric cancer among the relatives of patients stiih nemicious sneiris. as 'vsh as 
among the patients themselves as a hexeditatT nhenomenon. due to a cs v~ .-,- 
predisposition to both pernicious anemia and stomach cancer. Tnere is a censtir:- 
xional defect of the gastric mucosa in these persons cansins achlorhvdria and re it :ei 
resistance. The natnre and intensiiv of the exogenous actions to tthirh the rr~ 
disposed individuals are exposed probablv decide tthether thev develop nerririms 
anemia, gastric carcinoma ox both. 


Snmmarr. 


An excess moxtalitv from gastnc cancer among patients vith permnons anema 
has previonslv been shovm, but its cause has not been ascertained. In an anemm 
to fisher elucidate this question- the occurrence of gastric cancer in the rehnvjs 
of 234 patients xrith pernicious anemia teas compared trirh that in the relatives c: 
226 controls of the same sex and age distribution. The moitalitv mom gastr.r car- 
cinoma proved to be significantlv higher for the pernicious anenna relatives rim 
for the controls, vrhereas the incidence of cancer of other sites did not difftr.nrnn- 


icantlv in the tvro series. ^ ^ ^ 

The control group included less cases oi cancer than computed from me 
staristics. But even a comparison betvreen the incidence ot stomacn canc~. a„ 
the relatives of the pernicious anemia group and the number of cancer casjs c 
puted to occur in the same, shovred a significantly higher incidruce o. 

cancer among the pemicions anemia relatives. ^ 

The tmo sroups v^-ere uniform -svith respect to number, sex. age. and - 

distribution. Inherited factors play an important role in the .uTio.ogy 
anemia and possibly ako of gastric carcinoma. It thermore 
assume that the excess mortality from gastric caremoma _ ■ 

anemia, as meH as among their relatives, may be genotypic, depending - 
mon inherited predi^osiriou to the two diseases. 
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Aus der Klinik fur allergische Kranklieiten, Gotenburg, Scliwedeii 
(Leiteader Arzt: Oberarzt Hans Arnoldsson). 


Verabreicluing von Testosteron propioiiat bei Asthma 

broiichiale.^ 

(2. Mitteilung.) 

Von 

HANS AKNOLDSSON nnd UDO PIPKOBN. 

(Bei der Redaktion am 1(5. Oktober eingegangon.) 


Elektroplioretisclie TJiitersiichuiigeii. 


In Fortfulirung der Untersuclmngen mit Testosteron propionat bei Astbma 
bronchiale Kranken baben wir im folgenden unsere Aufmerksamkeit ausscliiiess- 
iicb dem Verhalten der Serumeiweissfraktionen gewidmefc und baben uns des 
Elektrophoreseverfahrens mit der Tiseliusapparatur bedient.“ 

Als Pufferlosung diente der Pbospbatpuffer, bestebend aus 0.032 Mol NacHPoj + 
+ 0.004 Mol IfaHoPo.; + 0.0015 Mol NaCl. Die unter dieser Bedingung zu erbal- 
tenden Serumebveissnormalwerte sind: Albumin 58.2 ± 5, Totalglobulin 41.8 ± 5, 
a Globulin 7.2 ± 3.2, (S Globulin 14.5 J;; 3.2, und y Globulin 20.1 ^ 4.2. 

Das fiir die vorstebende Untersucbungsserie zur Verfiigung stebende Kranken- 
gut bestand aus 16 weiblicben Astbma broncbiale Kranken im Alter von 49 bis 
66 Jabren. Samtlicbe 16 Patienten batten negative Hautteste. Anamnestisch war 
ausser den fiir die Krankbeit gelaufigen Daten nicbts Besonderes zu eruieren, ins- 
besondere nicbts, was grundsatzlicb unterscbiedlicb fiir den einen oder anderen 
Patienten gewesen ware. In 7 Fallen lag eine Blutdruckerbobung iiber 180 mm Hg 
systoliscb vor. 

Die Serumeiweissuntersucbungen wurden samtlicb wabrend einer akuten 
Astbmaperiode vorgenommen. Das Resultat findet sicb in der Tabelle I darge- 
stellt. 


Abzulesen ist eine Veranderung der Eiweissfraktionswerte, dessen Gesamtbild 
wir aufgrund der baufigen gleicbmassigen Konstellation mit Vorbebalt als sSynd- 


. ^ortrag gehalten beim 2. europiiischen Allergiekongress am 21.— 23. Mai 1953 in Koponhagen. 

wurden an dem medizinisch-chcmischen Institut.der medizinischcn Hooh- 
scbute in Gdteborg (Prof. Mellander) durchgefuhrt, wofOr wir hier nochmals .nnscrn herzliclien Dank 



31S 


HASS AKSOLDSSOIf VND VDO 


PIPKORS. 


Tabcll I. 



romft aiispreclien mochten, und das sieh wie leicht zu erkennen ist, aus Albumin- 
verminderung, a- und ^-Globulinvermehrung zusammensetzt. In den }'-G!ol)uiiiien 
liess sick ausser in 2 Fallen mit Erliolmng keine signifikativen AbTreichuagoJi nach- 
weisen. Dieses Ergebnis deckt sich im wesentlicben mifc dem von Shedlowskv k 
Scudder. In 9 von den 16 Fallen, land sick diese Veriinderung. 

Zeicknen sick nun die Falle mit dem iiSerumeiweissyndTomo dntck irgcnd ctwas 
gegeniiber denen okne das Syndrom aus? Duich Lcbensalter, Dauer der Erkran- 
kung, infektiose Genese usw? Haben die 9 Falle evtl. untereinander gemeinsame 
klinisch-patkologiscke Zuge ausser ikrer Astkmaerkrankung? Oder lassen sick Be- 
ziekungen erkennen zwiseken den Serumeiweissverandertingen und derllj'pertonie? 

Alle diese Fragen konnen wir ankand dieses gewiss kleinen Materials nur negativ 
beantworten. Auch eine nur annakernd tragfakige delation zivisckcn der a-Globn- 
linvermekrung und der in den je-weiligen Fallen vorkandenen Blutdrucksteigcrung, 
lasst sick, so sekr man sie verstandlieherweise vermuten mockte, nachdem das 
Hypertensinogen einscklagigen Arbeiten zufolge (10) an die a-GIobuIinfraktion gc- 
bnnden sein soil, nicht erkennen. Die Hypertoniefalle verteilen sick etiva gleich- 
massig auf das Gesamtmaterial und konzentrieren sick nickt auf die 9 nSyiKlroin- 
fallei). 

Und so spitzt es sick zu der bangen Frage nack der Bedeutung dieser qiiantitativ- 
qualitativen Serumeiweissveranderungen zu. Lassen sick aus iknen irgcndwclchc 
Gesicktspunkfce fiir das Astkma ableiten? 

Es liegb in der kfatur der Sache, dass die Antvrort vreder kurz ja nocli strikt 
nein lauten kann. Dagegen moge die Aufmeiksamkeit dock auf ein paar Fakfa 
im Zusammenkang mit den Eiweissveianderungen gelenkt sein. Bekanntlick fin- 
det sick der Organismus mit einer stiirkeren Hypalbuminamie am schwersten ab. 
Sie bedeutet fiir das Herz eine Mekrarbeit in doppelter Hinsicht. Die Zirkulation 
muss infolge des mit dem Absinken der Albumine verbundenen AVasserverlustcs 
mit einem geringeren Blutvolumcn ausgefukrt oder aufreckt erhalten iverden. /Uni 
anderen besitzt das Plasma bei Hypalbuminamie eine erkokte Viskositat. Beidcs 
Umstande, die fur das kompk.re Gescheken des Astkma bronchiale, msbesomlere 
fiir die so haufig zu beobacktende und therapentisck so \cenig zugatig ic le 
Komponente, Aufmerksamkeit erfordert. Weiterhin ist auck daran zu en 'en, 
dass die Herzglykoside an die Albnminfiaktion gekunden merden. 

Und im Rakmen der a- und )9-GIobu!ine interessiert bei den , 

sparsamen Kenntnissen auf diesem Gebiet vorerst die bereits enra n c 
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Interesse, das dass Hypertensinogeii an die a-Fraktion gebunden ist. Relationen 
zur Blufcdrucksteigerung bei Astbmatikern, die aus diesem Material nicbt hervor- 
geben, niiissten natiirlich an einer weit grosseren Anzalil Patieiiten nacbgepriift 
werden. 

Die /?-Fraktion scbeint diejenige zu sein, an die die Hormone gebunden smd 
und in der es ancb gehingen zu sein scbeint, das Ostrogen nacbzuweisen. Weicbe 
Bedeutung dieser Tatsacbe fiir das Asthmagescheben zukommt, ist vorlanfig nocb 
nicbt abzuseben. 

Bin paar Fingerzeige baben sicb so immerhin bei der Durcbsicbt der einzelnen 
Veranderungen ergeben, aber aucb eben nicbt mebr. 

Bine Uberraschung erlebt man nun, wenn man versucbt das bier gefundene 
»Biweissyndrom» in Vergleicb zu setzen zu andernorts elektrophoretiscb gefundenen 
Serumeiweissveranderungen bei verscbiedenen Brkrankungen oder Krankbeitsein- 
beiten. Da ist es tatsiicbiicb ausser der normalen und patbologiscben Schwanger- 
scbaft (1, 10, 17) der Diabetes mellitus, der die gleichen Abweicbungen im Serum- 
eiveisspanorama aufzeigt. Ausgerecbnet der Diabetes mellitus, der sowohl nacb 
alteren und aucb wieder neueren Arbeiten (6, 7, 8, 9, 18, 19) zumindest sebr selten 
gleicbzeitig mit dem Astbma broncbiale zusaromentrifft. 

Ebenso "wird mancb einen in Erstaunen setzen, dass sicb zu dem elektropboreti- 
scben Eiweissbild der Hebeunierenunterfunlction (2) und aucb zu dem der bekann- 
ten hypospbarpathologiscben Zustande keine Briicke scblagen lasst. Fiir die er- 
steren -wurde bekanntlicb von einigen Autoren eine starke y-GIobuIinvermebrung 
und fiir die letzteren normale ^-Globulinwerte gefunden. 


Testosteron und Sevumeiweissbild. 

An 12 von den 16 Patienten wurde im Anschluss daran Elektroi^horeseunter- 
sucbungen im Verlauf einer Testosteronbebaudlung, 10 mg taglicb 10 Page lang 
durcbgefiibrt und zwar ausser vor Einsetzen der Bebandlung nacb der und nacb 
der 9. Injektion. 

Das Ergebnis ist in der Tabelle II zusammengestellt und gestaltet sicb zusam- 
mengefasst folgendermassen: In der Albuminfraktion kain es in 6 Fallen zu einem 
Anstieg der erniedrigten Werte, in 3 Fallen zu einem weiteren Absinken. Diese 6 
Falle wiesen im Zustandsbild ibres Asthmas unter der Hormonbebandlung eine 
Verbesserung a\if, ob die jedocb dem Hormon zugute gerecbnet werden darf, kann 
nicbt entscbieden werden. Dann sind drei Falle, bei denen es unter der Testosteron- 
zufubr zu einem weiteren Absinken des bereits erniedrigten Serumalbumins kam. 
Sie gebdren im iibrigen zu denen, die bereits im ersten Teil dieser Arbeit (Acta 
med. scand. Vol. CXIII, 1952) Erwabnung fanden, und die nacb jeder Testosteron- 
mjektion iiber zunebmende einige Stunden anbaltende Scbwere in der Brust klag- 
Zusammenbange zwiscben dem Eiweisspiegel und dem psycbi- 
scben Pbanomen vermutet werden konnen, ist natiirlicb nicbt zu iiberseben. Bei 
diesen Patienten kam es zu keiner wesentlichen Verbesserung ibres Asthmas. 

in der a-Globulmfraktion konnte 5 Mai ein Absinken der erbohten Werte re- 
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Taliell IL 

Yeranderitngen der SeTumeiweissjrahlionen nach. Te^losleronzufiihr 10 v\g laglich Ixi 12 

Asthma hronchiale Kranhen. 
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sicli bereits erbobteii a-Globuhnverte nocb 'weiterbin an. Kur in zwei [Fallen giog 
der Abfali der a-GIobulinverte mit einem Anstieg der Albuminfraktion einlier. 
Letzteres wiirde keine direkte Bestatigung der von amerikanischer Seite (4, 5, 11) 
ansgesprochenen Annahme einer festen. Koppelung der Albumine und a-Globuline, 
Absinken des einen mifc obligatoriscbem Ansteigen des anderen, bedenten. Dabei 
ist allerdings zu beriicksicbtigen, dass bier keine normalen Verbaltnisse vorlagen, 

Und die erbobten ^-Globulinwerte sanken in 3 [Fallen ab imd stiegen in einem 
Fall veiterbin an. In zwei von den drei Fallen ging der Abfali parallel mit dem Ab- 
sinken der a-GlobuIine imd dem Anstieg des Albumins. In 2 Fallen waren die 
Reaktionsverlaufe genau entgegengesetzt, d. h. Abfali des einen und Anstieg des 
anderen. 

tiberblickt man das Ergebnis jetzt, so ist in einem gevissen Prozentsatz der 
Falle eine Normalisierungstendenz der pathologiscben Serumeiweisswerte unter 
Testosteroninjektionen unverkennbar. Ob diese allerdings gefolgt ist von einer 
Anderung im Krankheitsgescbehen, kann anhand dieser Brgebnisse vobl ver- 
rautet, nicbt aber mit Sicberbeit gesagt werden. Dass bier aucb Dosierungsfragen 
wieder mit bineinspielen, ist moglicb und bleibt, vie die Reihe anderer angerissener 
Fragestellungen weiter abzuklaren. 


Snmittary. 

At sixteen patients between the ages of 49 and 66 suffering from asthma bron- 
cbiale were performed elektropboretic studies of plasma proteins. In nine cases 
were obtained significant changes in the proteins consisting in decrease of albumin 
and increase in the a- and /9-globulins. The authors apply the term »plasma protein 
sjTidrome)) with reservation for all the changes and believe that the »syndrome)> 
is characteristic for the asthma bronchiale. Then testosterone-propionate 10 mg 
a day for 10 days was given to twelve of the sixteen patients. The albumin in- 
creased in 5 cases, the pathological a-globulins decreased in 5, but only in two 
cases to normal values, and the /9-globulins decreased in three cases. Sure rela- 
tions between the tendency to normalisation of the plasma protein fractions and the 
clinical symptoms were not observed, yet three cases showed an impairment of 
the asthma, when the albumin fraction decreased furthermore under testosterone 
treatment. 
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(Clin, direct.: W. Hoffmann.) 


Cushing’s Syndrome Associated with Obliterative Arterial 
Disease and Multiple Subcutaneous Jfodules 
(Ehlers-Danlos Syndrome?). 

By 

CARL LUDV. LAANE. 

(Submitted for publication October 20, 1953.) 


The clinical aspects of Cushing’s syndrome (C. s.) with its physical and physio- 
logical changes are well known, and pathological mental changes associated with 
this syndrome are described by many investigators. Bleuler (1) and Stoll (8) have 
stressed that there is a certain correspondence between »the endocrine psycho- 
syndrome» and »the local cerebral syndrom©), further that each endocrine disease 
has no special psychopathology (the latter being the same in both hyper- and 
hypofunction — for instance in C. s. and in Addison’s disease). 

Eelatively few descriptions of the Ehlers-Danlos syndrome (E.-D. s.) have been 
published, most of them from the U. S, A. The E.-D. s., consisting of a well de- 
fined clinical entity (hyperelasticity and fragility of the skin and blood vessels, 
hypermobility of the joints, pseudotumours over bony prominences and movable 
subcutaneous nodules) is perhaps more frequent than hitherto observed. In 1912 
Shaw and Hopkins (7) reported a patient with the B.-D. s. and hard subcutaneous 
nodules and in 1934 Tobias (10) gave a report of the E.-D. s. associated with 
small, firm, non-tender, subcutaneous nodules. A description of the characteristic 
subcutaneous nodules has not to my knowledge been published in the Scandi- 
navian literature. American authors describe those nodules as a very important 
sign of the disease, being of particular importance to radiologists. In X-ray ap- 
pearance calcified hsemangioraatous phleboliths may resemble the calcified E.-D. 
nodules, but the phleboliths show more variation in size, are apt to be distributed 
throughout the deeper soft tissue and contain multiple concentric strata of cal- 
cium. The characteristic feature of the E.-D. nodules will be described later on 
in connection with our case. 

From Scandinavia there are few reports of the E.-D, s., none of them to my 
knowledge with descriptions of the typical nodules. Wigers (12) has presented 
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2 cases v^ith articular hyperextensibiUty, cutaneous hynerclasticitv x , 
fragility. Husebye (3) has given a report of 8 cases occurriL ^ f 

Further cases are described by KorLtad (5). ® ^ 

Few descriptions in the literature deal with a nossilile rnnnnnH i 

syndrome and endocrine diseases. Strandberg (9) lid Johnseiflt 
Tails (4) have suggested such a connection. 

In the women's department, Gaustad Mental Hospital, we have observed , 
patient with a typical Cushing’s syndrome associated with the Eliiers-Danlos 
syndrome. The question arises whether there is a close connection between the 
two syndromes or whether they only are the outcome of two different diseases. 


Case report: Woman, aged 52. Her illness seems to have commenced 1914, at tlic 
age ot 44. if rom that time marked facial hirsutism appeared. Two years later .slie was 
admitted to a mental hospital where periods ot agitation and confusion occurred the 
periods interrupted by electroconvulsive treatment. After discharge (22 months from 
admittance) she remained psychologically healthy until 1952. On July 11 she was ad- 
mitted to Gaustad Mental Hospital with a tjrpical Cushing’s synirome (obesity, changes 
of the skin, fuzzy hair, a »moon-shaped» face, slight exophthalmos, acrocyanosis, mus- 
cular weakness and fatigability and loss of libido). During the course of her hospitalisa- 
tion four periods of agitation, with complete confusion occuired. Each period followed 
psychic stress (fear of operation) and each fsycliolic fcriod was brought to an cml by electro- 
convxdsive treaimenC. A correlation between the fasting eosinophiie count and the oc- 
currence, exacerbation and remission of mental derangement was observed. (A closer 
description of the psychiatric and somatic aspects of the patient’s disease was published 
in »Tidsskrift for Den Norske L®geforening», 1953 (6).) 

The patient had also a very marhed ohUteralive arterial disease oj (he kgs and jorcams. 
Further she had hard, moveable subcutaneom nodules on all four exlremilics, most numerou.s 
on the extensor surfaces. X-ray pictures showed disseminated, small, rounded, calcareous 
nodules lying immediately under the skin. A central zone of relatively increased radio- 
lucency is surrounded by a ring-like shadow. (Fig. 1.) 3 nodules were taken for micro- 
scopic and chemical investigation. The microscopic description of a typical suhciitaneous 
nodule was as follows; (Fig. 2). 

aThe formalin-fixed specimen was a rather firm, ovoid node measuring 3 by 4 mm, 
surrounded by scanty fat tissue. The surface was smooth. Sectioning showed a thin 
fibrous capsule covering amorphous masses of necrotic fatty tissue with occasional 
calcified areas. The cellular reaction was inconspicuous. Frozen sections revealed moderate 
amounts of double refracting substances especially beneath the capsule. A few capsular 
arterioles were sh'ghtly sclerotic (diffuse hyperplastic sclerosis). There were ™ signs o 
malignancy nor of specific inflammation. Diagnosis: Fat necrosis (encnpsulatedl.i t rol. 
0. Torgersen. 


The origin of those nodules was thoroughly discussed and diagnoses «« 
boliths, necrobiosis lipoidica diabeticorum and calcinosis universalis were e.vcluded. 

The microscopic section of the nodules in our case is ridenticah) with the findings 
described with the Bhlers-Danlos syndrome by Holt (2). In our case there is 
perhaps some hypereiasticicy of the skin of the arms, especially roiim ic c > ■ 

There is also some fragility of the skin and blood vessels, moreover 
mobility of the joints, but none of these signs were very ‘ 

and 1952 she had been operated upon, respectively for a »tumour 
and for one just below the right patella. Most likely tlmse atumours-i were mol 
luscoid pseudofcumours known to be charactexistic of the . • s- 
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In our patient tlie left adrenal gland was found to be bj^ierplastic and a total 
adrenalectomy was performed January 29, 1953. The 17-ketosteroid excretion fell 
from 11.8 mg in 2i horns (corr.) before, to 9.5 mg after tbe operation. Periods 
with agitation and confusion again occurred, again terminated by electrocon- 
vulsive treatment. Pstjchologically there teas very little or no change after the opera- 
tion. Somatic changes were observed. Before the operation she bad to shave 3 
times a week; afterwards she was content with one or two shaves a week. The 
loss of hair on the head was less marked. There was some loss of weight. The 
blood pressure was unchanged. 

A closer investigation of the family history revealed that a sister of the patient, 
aged 44, was suffering from a mild form of C. s. (moon-shaped face, hirsutism 
and slight obesity), but no signs of the E.-D. s. (especially no subcutaneous 
nodules) were found by X-ray. Her brother and a son of his were also examined 
clinically and by X-ray without finding of nodules. No familial anomalies were 
found except short fingers in the case of our patient, her sister, brother and her 
father. 

Other investigators are encouraged to look for subcutaneous nodules in patients 
with C. s., especially if the condition is of long duration and accompanied by 
psychosis. Each case with the E.-D. s. ought to undergo X-ray examination for 
subcutaneous nodules. 


Summary. 

A case with a typical Cushing’s syndrome in a woman, aged 62, is described, 
in whom clinical and X-ray examination revealed subcutaneous nodules which 
correspond to the characteristic findings in the Bhlers-Danlos syndrome (described 
by John P. Holt in 1946). Some other signs of the E.-D. s. were found (pseudo- 
tumours and fragility of the skin and blood vessels). The question arises whether 
there is a close connection between the two syndromes or whether they only are 
the outcome of two different diseases. (A possible connection between the E.-D. s. 
and endocrine diseases has been suggested by J. Strandberg and by Johnson & 
Palls). 
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Fig. 1. Calcified .s\il)eiitnncoii,s nochilc-s from the forearm of oiir patient. Di.stribution i.s 
bilaterally symmetrical and largely stipcrfieini. 
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The term dumping comprises a series of symptoms occurring after subtotal 
gastrectomy, total gastrectomy or vagotomy. ^ 

The symptoms begin in the course of half an hour after a meal with abdominal 
discomfort (most frequently in tbe form of epigastric oppression, or rumbling and 
gurgling in the stomach), nausea, palpitation in conjunction with dizziness and a 
sensation of heat. In addition the patients feel such a pronounced and trouble- 
some weakness, fatigue and drowsiness that they often have to lie down. After 
three quarters of an hour to one hour they feel well again. Large meals, whole milk 
and especially sweets give rise to the most severe attacks. 

Besides dumping, these patients often display symptoms of hypoglycaemia 
(weakness, sleepiness), starting from D/, to 2 ^ 1 , hours after the meal and subsiding 
in the course of half an hour. These attacks have been previously termed late 
dumping attacks, a term which has now fallen out of use. 

The present paper deals exclusively with, the actual dumping syndrome. 

Several papers have been published to elucidate the pathogenesis of this syn- 
drome. 

Alvarez (1) has observed typical attacks and, roentgenologically, rapid emptying 
of the stomach in two neurotics who had not had any stomach operations, and 
suggests that an especially unstable nervous system might be the most essential 
aetiological factor. 

^ Butler and Capper (2) provoked the syndrome in 79 patients, partly by disten- 
sion of the jejunum, partly by torsion of the stomach stump (by placing a mercury- 
filled bag in the latter). The attacks were most frequent in the erect posture. They 
could often be checked by a splanchnic block; this was considered indicative of 
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being due to tapute teleesed tbeougl ,™pe.„e,ie .„v.„ 

Butler and Capper’s theory that torsion of the stomach st„mn ;c • 
pathogenetic factor has been contradicted hy Goligher and L 
of the observation that dumping becomes m'lre fr!gLt t' 

portions of the stomach are removed i e it will bo mnc^ r large 

g^ectomies. They we able to ptovifa dumping by ion.li^" Ml.'.rpl“ 
m the jejunum under roentgenological control. ^ 

Slachella (7) concluded from his examination of 10 patients that dmnpin.' 
occurs when the jejunum is distended by food which passes rapidly throiicl, the 
anastomosis. As the food is not diluted in the stomach, its hj-pertonic constituents 
{e. g. dishes made with whole milk) should give the greatest distension by drawing 
water into the lumen of the intestine. ^ 

Schechter and Necheles (10) were unable to find any e.xplanation of the occur- 
rence of the syndrome; they found in particular no connection between the sjunj;- 
toms and distension of the stomach stump and the jejimum with contrast medium. 

In contrast with these rather mechanical causes to explain the pathogenesis of 
the syndrome, Smith (13) has put forward a chemical explanation of the phenom- 
enon. On the basis of experiments made with six patients he showed that a fall 
in the serum potassium level is the cause of dumping, especially of such symptoms 
as weakness, fatigue aud drowsiness. The fall in the serum potassium level is a-sso- 
dated with electrocardiographic and electromyographic signs of h^yopotasssmia. 
He has not stated the time when the patient’s indisposition reached its maximum, 
and thus not the serum potassium value at this time. Moreover the author has not 
stated the normal range of serum potassium values or what he considers to he a 
significant fall. 

The purpose of the present study was to examine the relationship of serum 
potassium to the symptoms, as it is considered peculiar that the, sometimes small, 
quantities of sugar (10—15 gm) which may give rise to the attacks should he ca- 
pable of producing a fall in the serum potassium value. 

As patients who have undergone gastrectomy often have an increased maximal 
blood sugar value and show a pronounced bypoglycacmic phase in peroral glucose 
tolerance” tests (3, 4, 13), an intravenous glucose tolerance test was made in order 
to arrive at an estimate of the carbohydrate metabolism. This examination also 
shows whether the malaise may be due to a transitory bjpertonia of the Wood 
(cf. tbe discomfort experienced in intravenous injection of a hjpertomc sodium 

tbiosulpbate solution in renal function tests). 

Besides using a hjqiertonic glucose solution administered by the mouth an 
attempt was also made to provoke the attacks with hj;pertonic solutions of magne- 
sium sulphate, sodium chloride and galactose, and with or 

done in order to find out whether a specific effect can be attributed " 

whether a given substance can produce the symptoms simply > "'■ur "c 

volume or its osmotic concentration. have 

The variations in the serum potassium values during the dumping < - 

been premously studied by the writer (8) in a smaller paper. 
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Jlaterial and Methods. 

The follovriug investigations vrere made in six patients with the dumping syn- 

drome: . , i t • 4 . • 

(A) Peroral glucose tolerance tests with 70 gm of glucose in a treble isotonic 

solution. The blood sugar, serum potassium, electrocardiogram, systolic blood 
pressure and pulse rate were then followed. (Systolic blood pressure and electro- 
cardiogram are lacking in case 2.) ^ 

(B) Intravenous glucose tolerance tests according to Stefan Jorgensen s (6) 
method. 40 ml of a 50 per cent, solution are injected. The blood sugar curve is 
estimated on the basis of the circumscribed area and the time passing before the 
blood sugar has fallen to the fasting value. Blood sugar, serum potassium,^ electro- 
cardiogram, systolic blood pressure and pulse rate were then followed. (This exam- 
ination was not made in Case 6.) 

The potassium level was determined by means of flame-photometry; values 
from 14 to 20 mg% are within the normal range. Variations under 1—2 mg% 
cannot be considered significant. 

The electrocardiograms reproduced are second limb leads. 


Case Kecords. 


Case 1. A man, aged 49, who had had a Billroth II gastric resection in 1944 for duo- 
denal ulcer. 

Since that date he became ill from 5 to 10 minutes after the ingestion of sweets, even 
after such small quantities as 10 — 15 gm of sugar; during these attacks he had nausea, 
palpitation, headache with sleepiness and cold sweats, so that he had to lie down for half 
an hour, A glass of milk and very large meals could produce the attacks, though these 
were less severe. The malaise was over in the course of an hour. Physical examination 
showed nothing abnormal. Roentgenological examination of the stomach showed normal 
empt 3 ’ing. 


Case 2. A man, aged 43, who had had a gastroenterostomy and enter o-anastomosis 
for gastric ulcer in 1930, gastric resection (a modified Polya) in 1935, and vagotomy in 
1951. Afterwards the patient developed dumping symptoms with epigastric oppression 
associated with nausea, palpitation, a sensation of weakness and cold sweats, beginning 
from 10 to 15 minutes after the ingestion of sweets and milk. The attacks subsided when 
he lay down for an hour. In addition he complained of grumbling pain in the epigastrium. 
In November, 1951, the entero-auastomosis was closed by operation. His condition 
remained unchanged after this operation. Apart from tenderness to palpation below the 
left costal margin the phj’^sical examination showed nothing abnormal. Roentgenological 
examination of the stomach showed normal emptying. 


^ 29, who had had a Polya gastric resection for duodenal ulcer iu 

Q ue\er felt well after the operation, and his complaints were as follows; 

(a) Spontaneous attacks of pain immediately above the right iliac fossa. The pain was 
charactenzed as dry and intense, often followed by bilious vomiting and occurring at 
intervals of two months. ^ 


(b) From the autumn of 1951 onwards he had attacks of the following nature: Imme- 
la e y a er meals, especially after hot meals, he developed attacks (worst after oatmeal 
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porridge) in the form of a sensation of fullness and i i 

tion -with fatigue and sweating, but not with palpitation or cenjimc- 

no appreciable improvement on lyin<r down but the attirt-H i>l c-'^}'austion. He felt 

^ e«3tric resection for duodena! ulcer 
in 1948. From the summer of 19o0 onwards she developed attacks from 5 to 10 minutes 
after large meals, which produced the worst attacks, and after sweets in comnarativelv 
large quantities (50-100 gm); they began in the form of palpitations, whilst at the same time 
she became tired and sleepy, with rumbling and gurgling in the stomach, and eructation 
(the most troublesome of her complaints). She had also occasionally a sensation of 
grumbling and oppression below the left costal margin. A carminative powder c.rcrtod 
no effect on these attacks. The patient could take 2 or 3 lumps of sugar in a cup of coffee 
Apart from slight tenderness below the left costal margin the physical examination 
showed nothing abnormal. Roentgenological examination of the stomach .showed rapid 
emptying. 


Case 5. A -woman, aged 50, who had been subjected to a Polya gastric resection for 
duodenal ulcer in 1950. Since the operation she suffered constantly from dyspepsia of 
indefinite nature, with painful epigastric oppression after the meals and frequent, as 
a rule postprandial, I'omiting. Complaints at the time of writing were ns follows, 1— f) 
minutes after most meals, but worst after sandwich-cake and porridge, she developed 
a feeling of oppression across the epigastrium immediately above the umbilicus, often 
combined with nausea and vomiting. There were occasionnl palpitations but never 
sweating or loss of consciousness. Physical examination showed a very lean woman who 
was not very communicative but otherwise normal. Roentgenological examination of the 
stomach showed rapid emptying. 

Case 6. A man, aged 34, who had been subjected to a Polya re,section for duodenal 
ulcer in February, 1952. He had not felt well since the operation, for besides constant 
fatigue he displayed the following symptoms; 5—10 minutes nftcr meals he developed n 
sensation of heat in the head, nausea and a feeling of apathy, at times also sweating and 
palpitations. The malaise subsided in the course of an hour, most rapidly when he laj 
down. The attacks also occurred if he took a meal while lying down. Choco ate porridge 
and milk dishes were especially provocative. Physical examination sliowcd nothing ah- 
normal. Roentgenological examination of the stomach showed rapid emptying. 


Kcsults. 


(A) Peroral glucose tolerance test. 

Case 1: See Figure 1 and electrocardiograms. , 

The patient developed nausea and became tired m 2 3 minu c. . 
reached its maximum in about a quarter of an hour with 
dizziness and sleepiness. The patient sat hunched up m a ° 

distressed. The skin was cool and shammy. His handshake seen c 
The gait was normal. He recovered completely m the cours 
re were no symptoms of hypoglycaemia. 
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In Figure 1 tlie arrow shows the time when the malaise reached its maximum. 
At this time the serum potassium was at the same level as at the begiiming of the 
experiment. Apart from a variation in the frequency an electrocardiogram recorded 
after 14 minutes showed no definite changes. Blood sugar curve: maximum at 
0.237 per cent,, otherwise nothing abnormal, on particular no hr-poglyeacmic 
phase. Systolic blood pressure and pulse rate reached maximum in 3—5 minutes. 
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Figure 3. Case 3: Blood sugar (after 70 gm of glucose given by the mouth), serum potassium, systolic 
mood pressure, pulse rate, and electrocardiograms taken before and during the experiment. 
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m 


nounced hypoglycaemic phase with its minimam at 0.030 per cent TI.e , 
rate reached rts maximum simultaneously with the maximal malaisi' ^ 

Case 3: See Figure 3 and electrocardiograms. 

in developed epigastric oppression, nausea, headache and gutcliim 

in the stomach in the course of 4 mmutes. In 9 minutes he felt »all-in« andldeLv 
T e malaise reached its maximum in a quarter of an hour, the patient ynwniiw 
loudly and hunching up m the chair. His gait and handshake were uninfluenced'’ 
In the course of an hour the malaise abated. He was influenced to some decree hv 
the hypoglycaemic phase. 

The arrow in Figure 3 shows the time when the malaise reached its mnximmii. 
At this time the serum potassium was at the same level as before the administra- 
tion of glucose. Electrocardiograms recorded after 17 and 110 minutes showed a 
distinct flattening of the T-waves, and changes in frequency. The Q — T interval 
Avas unchanged. The sugar curve reached its maximum at 0.313 per cent, in 15 
minutes. There was a hypoglycaemic phase. Blood pressure and pulse rate re-iched 
maximal values in about 15 minutes. 


Case 4: See Figure 4 and electrocardiograms. 

Vigorous eructation occurred in 3 minutes. After about 10 minutes the patient 
felt rumbling and oppression below the left costal margin. A few minutes later, 
he complained of palpitation, fatigue and a sensation of heaviness in the head; 
the malaise reached its maximum in about 25 minutes. The patient’s gait niul 
handshake were uninfluenced. She felt well again after an hour or so. 

The arrow in Figure 4 shows the time when the malaise reached its maximum. 
At this time the serum potassium was at the same level as before the ndmini.'itrn- 
tion of glucose. In addition to a rise in the frequency the electrocardiogram recorded 
after 30 minutes showed a flattening of the T waves; the Q — T interval wn,s un- 
changed. The blood sugar curve showed a maximum of 0.203 per cent, after 70 
minutes. There Avas a hypoglycaemic phase. Pulse rate and blood prcs.siire reached 
maximum in 10 — 20 minutes. 


Case 5: See Figure 5 and electrocardiograms. 

Nausea and a sensation of oppression immediately aboA'c the umhilicu.s legan 
in the course of 2 minutes. This was followed by increasing nausea, pronounced 
malaise and fatigue. The pulse rate quickened. The patient s gait an laiu ® * 

Avere uninfluenced. The s}Tnptoms subsided in the course of half an hour, ami sue 

felt AA*elI again after one hour. , . , , , - 

The arrows in Figure 5 indicate the time during which the 
pronounced. The serum potassium curve does not explain the course of tlic c. p 
ment. The electrocardiogram recorded after 29 minutes shows ‘ 

diphasic T Avaves and slightly depressed S-T intervals. The Q ^ 
unchanged. The electrocardiographic changes became normal after - 
The blood sugar curve reached its maximum at 0.389 per cent. ^ 

The blood pressure showed a slight rise only, and the pulse rate reac 
in 20 — 25 minutes. 
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Figure 6. Case 6: Blood sugar (after 70 gm of glucose given by the mouth), scrum pota=uum. w-h’ 
blood pressure, pulse rate, and electrocardiograms taken before and dunng the expen - . 
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Kgiiro G. Case G: Blood sugar (after 70 gm of glucose given by the mouth), serum potassium, systolic 
Wood pressure, pulse rate, and electrocardiograms taken before and during the experiment. 


The arrows in Figure 6 indicate the time of maximal malaise. The fall in the 
5ernm potassium does not explain the symptoms. An electrocardiogram recorded 
after 28 minutes shows accelerated action, negative T waves and slightly depressed 
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S T intervals. The Q— T curve vras unchansecl After ino • . > 

hypoglycaemic phase) the T waves and the S~T interval 
U waves sverc present. The M„.d s«l cLve meke t “ 

centyn 40 mmntcs. There was a pronounced kjpoglycncmic phase PidLVt*' 
blood pressure reached a maximum in 5—20 minutes. ^ ■ ate and 

(B) I} 2 lrave?ious glucose tolerance test. 

None of the patients felt any discomfort. sUl blood sugar carve, were ao,„„l 

?e zr*;" •" t 


Discussion. 


In the peroral glucose tolerance tests, there was no alteration in the concentra- 
tion of serum potassium in relation to the attacks; all potassium curves at the time 
of maximal malaise were within the normal range. The attacks therefore cannot 
be attributed to abnormal serum potassium values. The glucose curves arc charac- 
teristic of patients who have been subjected to gastrectomy (Evensen {.!)). 

However, in the course of the attacks there appeared electrocardiographic 
changes similar to those found by Smith (13); these were of the following nature: 

(1) An increase of the frequency, (2) flattening of the T waves, and (3) depre.<!.sion 
of the S — T intervals. It was pointed out by Smith (13) that he had hecn titmhlc 
to demonstrate prolonged Q — T intervals; this was also confirmed by the present 
investigations. Smith (13) considers these changes to be indicative of h)popotnp?,ae- 
mia, which is decidedly at variance with the potassium curves reproduced here. 

What is then the underlying cause of the electrocardiographic chnngcsl Ac- 
cording to Sjostrand (11, 12) an increased content of adrenaline in the blood may 
lead both, to flattening of the T waves and depression of the S — T intervals, lie 
stresses the difficulty in distinguishing electrocardiographically between an in- 
creased adrenaline concentration in the blood (or, perhaps better, an increased 
sympathetic tonus) and a hypopotassaemia; as tlie most essential difference he 
mentions that in the latter condition the Q— T intervals arc prolonged, wherea.s 
they remain uninfluenced by a high adrenaline concentration. 

Considering this, and comparing the findings with the clinical picture (the rise 
in the blood pressure, the tachycardia and the vasomotor syn)ptoms), it seems 
reasonable to attribute the electrocardiographic changes to an increased .sympa- 


thetic tonus. . V . 1 

The intravenous glucose tolerance tests all indicate that the intermediary car )t)- 

hydrate metabolism is normal. 1 1 ■ i . 

Attempts to provoke attacks with treble isotonic solutions o socmni ci oru t 
(two patients), galactose (two patients) and magnesium sulphate four patien s) 
as well as with distilled water (four patients) gave the following results: 

The administration of sodium chloride and galactose ga^e rise to s ig i < i r 
attacks with a slight rise in the pulse rate and thc systolic blood 
symptoms were much fewer and of shorter duration in these a ac 's 
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produced witli glucose in the same patients. The administration of magnesium 
sulphate and distilled water did not give rise to dumping in any case. Considering 
this, the writer is inclined to attribute a specific pathogenetic importance to 
glucose. 

Roentgenological exinamation of the stomach in these patients whose condition 
was similar to a very high degree showed normal emptying in the three and rapid 
emptying in the other three. It is impossible on the basis of the present series to 
arrive at a knowledge of the value of the roentgenological examination in esti- 
mating the rate of emptying. But the findings seem to support a supposition which 
has been previously put forward in a discussion in The Lancet (14); according to 
this, the rather viscous contrast medium will hardly be dealt with in the stomach 
stump in the same manner as the more liquid articles of food, so that the roent- 
genological examination does not to the full afford the information desired. 

It seems equally difficult to explain important points in the pathogenesis of the 
syndrome. The very frequent complaint of oppression and fulness in the epigastrium, 
can undoubtedly be explained by a distension of the portion of the jejunum im- 
mediately next to the anastomosis (cf. the experiences of Butler and Capper (2) 
and Goligher and Riley (5) in distension of the jejunum with a baloon, by means 
of which they were able to produce this fulness but very seldom the other symp- 
toms). The rise in the blood pressure, the tachycardia, the vasomotor symptoms 
and the electrocardiographic changes apparently suggest an increased sympathetic 
tonus. But how can the fatigue and the sleepiness be explained! Presumably also 
by the increased sympathetic tonus. The writer considers that this view is justifi- 
able, as there is a very great resemblance, between the early stage of shock, when 
the sympathetic tonus only is increased, and a pronounced attack of dumping. 

The essential problem is then: How does the increased sympathetic tonus arise? 

Apparently a distension of the jejunum is not the only explanation. 

On the basis of the present investigations it is tempting to postulate the pres- 
ence in the jejunal wall or the portal area of gluco- or osmoreceptors which in the 
presence and resorption of articles of food, especially those with a high proportion 
of glucose, give rise to the liberation of a humoral factor. 


Summary and Conclusions. 

Roentgenological examination of the stomach, peroral and intravenous glucose 
tolerance tests were made in 6 patients with pronounced dumping symptoms. 
In some of the patients, provocation experiments were made with hypertonic 

magnesium sulphate, sodium chloride and galactose solutions, and with distilled 
water. 

In the course of the glucose tolerance tests the blood sugar, pulse rate, systolic 
blood pressure, serum potassium and electrocardiogram were followed; otherwise 
only the pulse rate and the systolic blood pressure were recorded. 

The results of these experiments led to the following conclusions: 

(1) Hypopotassaemia can be excluded as a pathogenetic factor; see Figures 1 6. 
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(2) The electrocardiographic changes (a rise in the frequency, flattening of th" 
T waves and depression of the S-T intervals) are due to increased sympatheti; 
tonus. ^ 


(3) The intermediary carbohydrate metabolism is normal in patients with 
dumping. 

(4) Glucose apparently exerts a specific effect as a provocative factor. 

(5) Presumably roentgenological examination does not afford adequate infor- 
mation about the rate of emptying of the stomach stump. 

(6) With regard to the pathogenesis of the syndrome, it can only he concluded 
that during the attacks there is to all appearance a hyperactivity of the sympa- 
thetic nervous system. The question as to whether the condition is the result of a 
mechanical or a chemical influence cannot be settled. There is presumably an 
interaction between mechanical and chemical forces. 
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Introduction. 


The application, of coxticotioplime (ACTH) lias presented a new kind of thera- 
peutical problem, for we do not apply a drug directly, but by the administration 
of corticotrophine the body is stimulated to produce the active agent. Besides the 
normal variations in effective dose, which we know from other drugs and which, 
are dependent on variable intake, excretion, breakdown and detoxification of the 
drug and sensitivity of the diseased tissue, in this case we are dealing also with 
other variables, "We do not know what quantity of the therapeutic product is 
actually applied because we do not know how the adrenals react to the administra- 
tion of corticotrophine and what individual variations there are in the secretions 
of the adrenal products under the influence of corticotrophine. 

Corticotrophine is standardised according to the Sayers test (the vitamin C 
depletion of the adrenal in hypophysectomised rats). It is questionable if one is 
justified in assuming that this is a good criterion of the glucocorticoid production 
by the adrenals after application of corticotrophine in men. In other words the 
problem arises as to whether different batches of corticotrophine of similar strength, 
expressed in Sayers Units, are also of a comparable cortical-stimulating potency. 
There is no reason to assume a priori that the ascorbic acid depletion of the adrenal 
is a standard of the glucocorticoid producing-effect. We will not discuss here the 
general problem of comparability of effects in test animals and those in men. 
Should one wish to study the action of corticotrophine in different patients suf- 
fering from chronic disorders the results can only be comparable if an equal gluco- 
corticoid production is obtained because this is actually the active agent. 

There is an extreme divergence in the required effective clinical doses reported 
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m tlie literature. In our clinical experiments ive observed that several intiont- 
receiving a given batch reacted less effectively than expected to J ‘ii! T ’ 
. . ( — Sayers Units). We therefore investigated the activity of different bniduT 

Since then some articles in the literature have dealt with this problem ( Viisdl 
Bpvaters, 1952 Kaine 1952, Ogryzlo et al. 1953). The first tlo of the^^ 
compared equal quantities of different batches with their clinical effect in patients 
•with rheumatoid arthritis. Kaine used as a criterion in comparison with the Savers 
test the drop of eosinophils and the 17-ketosteroid production in normal iieople 
Ogryzio mvestigated the decrease of eosinophils and the IT-ketosteroid production 
in patients with rheumatoid arthritis. All authors found a discrepancy between 
the indicated Sayers test units and the activity found in patients or normal pcopio 


I. Criteria that can be used as a measure of the stimulation oj the adrenal to secre- 
tion of glvcocorlicoids. 

The factors upqn which the clinical results of the administration of cortico- 
-trophine depend are presented in the following diagram. 


Clinical results of 
the administration 
of corticotiophine 


Quantity of corticotrophine 
per unit of time which 
reaches the adrenal. 

Production of gluco- 
corticoids 

Reaction of the adrenal 
to corticotrophic stimulation 

Sensitivity of the 
diseased tissue to 
these steroids 


In the evaluation of corticotrophine stimulation we will take certain possible 
criteria imder consideration. 


a. Clinical effect as a criterion. 

' The correct evaluation of the clinical effect is always extremely difficult in 
chronic diseases as for instance in rheumatoid arthritis, whose spontaneous course 
can be very variable and in which subjective factors can strongly influence ^ 
Seal pto. No e««t quantitative eorapaAon eau l.e basetl on the anl.icme 

ob“n-tog the Bubjeotively teported impioveraent tehicl. 
even soon after a short atoinistra.ion of scute days one “ 

objective nteasures of improvement by the use of unetton 
objective data arc based on performance one should not fo g _ ' 

strongly innuenced by the presence or absence of the sobjee ' _ ' e 

Therefore one obtains for the greater part- an objective rcgistr, 
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feeling of pain and that in an inverse relationship. EeaU)-' objective measures of 
decreased activity of the pathological process are: decrease of joint swelling, 
decrease of the sedimentation rate of the erythrocytes, increase of the haemoglobin 
level etc. These measures give as a rule too small differences in brief periods of 
administration. 

In a biological assay, in which objective clinical improvement is used as a 
criterion, the testing of different batches on the same patient will take a long time. 
The great objection then arises that a change in clinical reactions could be ascribed 
to the spontaneous course of the disease. This makes comparisons extremely dif- 
ficult. However the greatest and most essential objection to this criterion is that 
the clinical results are not only dependent on the glucocorticoid production of the 
adrenal but also to the sensivity of the diseased tissue of different patients to 
these steroids (see diagram). With insensitive tissue a large steroid production gives 
little or no clinical effect whereas with very sensitive tissne even a slight produc- 
tion can give a verj’’ good clinical effect. 

Relevant to this possibility is Ketsley’s observation (1952). He describes a pa- 
tient suffering from rheumatoid arthritis which disease in spite of a decreased 
eosinophil count in the blood, elevation of the 17-ketosteroid excretion in urine 
and a use of the quantity of circulating 17-hydroxycorticosteroids in plasma still 
did not react to corticotrophine. 

We believe this criterion for a biological assay of corticotrophine to be nseless. 
This does not preclude the use of objective clinical improvement in the treatment 
of a given case. 


b. 17-hydroxycorlicoids in the 'peripheral blood as a criterion. 

The estimation of these products although technically very difficult is possible 
according to the method described by Nelson et al. (1951). Besides the fact that 
large blood samples must be taken for this estimation (ca 30 ml) there are for the 
purpose desired a number of other objections to this method. 

The level of the 17-hydroxycoiticoids is determined among others by the fol- 
lowing processes; 

a. the production of these compounds by the adrenal cortex. 

b. the consumption rate of the peripheral tissue. 

c. the degree of breakdown by the liver. 

d. the excretion rate by the kidney. 


When we desire to draw any conclusions about production by the estimation 
of the blood level of the 17-hydroxycorticoids then it is necessary to know for 
certain that the rates of the last three processes are of no value or be able to dem- 
onstrate their very slight individual variations. As regards these there are no 
vnown data but it appears that the clearance rate of cortisone and hydrocortisone 
from the circulation is very high (Nelson et al. 1952). Therefore in our opinion the 

Tt fLthJe comparison of corticotrophine activity' is 
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Fig. 1. Absence of corrolntion between the eosinophils in the blood nnd the 17-hclostoroifl Mrirtien 

in constant ACTH therapr. 


base line of the eosinophils; the level of eosinophils in the blood shows great osciiia- 
tions, not only from patient to patient but also from hour to liour in the same 
patient a. o. (Bonner 1952).* The eosinophils can completely disappear with small 
doses corticotrophuie only.^Even were it possible to predict these .spontaneous 
variations we still see from figure 1 that the eosinophil leiicocytc.s are useless in 
evaluation of the activity of the adrenal. 

With corticotrophine a goodjclinical remission was obtained in a 50-ycar-oId woman 
suffering from rheumatoid arthritis. This was accompanied by decrease of the sedimenta- 
tion rate. The sedimentation rate, next to the eosinophil leucocries and the 17-keto- 
steroids is presented in the graph as a measure of the reaction of the ])aticnt to a con- 
stant dosage of corticotrophine per day. With the same dosage the eosinojdiils returned 
to pre-treatment levels in the second week of treatment. The clinical condition and t le 
unaltered high secretion of the 17-ketosteroids per 24 hours were maintained, t t !c.>.^ 
fore appears that the corticotrophine effect was definitely present in s[)ite of the facv 
that the eosinophils rose again to their previous level. 

2 . The excretion oj corlicouls in urine as a criterion. 

This estimation seems attractive in theory. Hoavever against the mctliods which 
are at present available (Heard et al. 1946, Daughaday ct ah 1948), manyol.jec- 
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tions liave been raised. Even in Cushing’s diseasfe, in which an increased gluco- 
corticoid production must be assumed, frequently normal oorticoid values in urine 
are found. 

As result of many investigations in this field (Marxian, 1951) the hope appears 
to be justified that a great deal of these objects in the future can be overcome. 
A revaluation of this method of estimation shall then be necessary. 


3. The neutral 17-Jietosteroids excretion per 24 hours as a criterion. 

This estimation is also an indirect measure of the adrenal activity. It should 
owever be realised that the 17-ketosteroids are also metabolic products of the 
androgens. In spite of this they may be considered to be the best method for 
evaluation of adrenal activity for the following reasons. 


Table 1. 


Effect on the 24 hour excretion of 17-l-etostcroids after i. m. administration of 6 X 7 1. XJ.f 
corticoirophine of the same batch, during two periods of three days in the same patient. 


Ft. 

Batch 

17-k. 

s. mg/ 

1 Period in 

I between 

17-k. 

s. mg/ 

control day’ 

3rd day 

control day 

3rd day 

1. r. K 

92/G 

3.5 

> 19.2 

11 days 

4.0 

23.8 

2. Ste 

Bes. P 146 

6.1 

11.0 

16 days 

3.7 

12.1 

3. M 

27/1/3 

8.0 

11.3 

14 days 

o.D 

13.7 

4. Ba 

22/G 

13.8 

65.9 

25 days 

13.9 

27.5 

5. P 

22/G 

7.9 

34.1 

50 days 

9.0 

34.2 

6. P 

37A 

9.7 

28 

12 days 

8.6 

23.S 

7. Sfo 

41A 

6.1 

14.3 

10 days 

lO.o 

16.1 

8. V. H 

16/4/F 


25 

15 days 

lO.O 

16.7 

9. y, 

41A 

16.0 

23.1 

15 days 

13.2 

25.1 


‘ 2nd day. 


The estimation is technically quite feasible and reproducible. If the real total 
24-hours output is collected it appears that patient for patient constant values 
are obtainable, in other words there is an individual constant baseline. From table 
1 it may be concluded that a given corticotrophine batch injected in the same dose 
at varying intervals in the same patient will give values of response which con- 
sidering the biological variations are quite acceptable, thus the ability to reproduce 
the same result using the same dose of corticotrophine is satisfactory. The reaction 
seems to be sensitive. After a dose of 6 X 7 I. U. corticotrophine per day an in- 
crease of up to 620 % of the baseline can be seen and even with low dosages of 
6 X 2 I. U. per day a rise of up to 230 % is observed (see table 2). 

Does the 17-ketosteroid excretion have any correlation with the glucocorticoid 
production'? A direct proof is impossible, because quantitative estimation of the 
latter is not yet available {.dde supra). There are however some indirect indica- 
tions. It appears from figure 2 that over a short period of administration (3 days) 
them is a snnultaneous increase of 17-ketosteroid production with decrease in 4e 
smophils. The variations of the 17-ketosteroids are the more sensitive of the 
two and show a greater range of fluctuation in values. 
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I]ig. 2. Administration of the same amount of corticotrophine of different bafclie'i in llie tiame patient 
ivith nearly 100 % decrease of (ho eosinophils and at the same time a difference in the incn'a*e t'l t!;» 
IT-kctostccoids in the 24 hour production. 


In fig. Ill is shown that after 3 days of intramuscular and intravciimi.s iiifiisioii 
there is a disappearance from the blood of eosinophils in each case hut tlicre is n 
difference in degree of stimulation of the IT-ketostcroid excretion. Tlic .'nine is 
seen in fig. IV during three days of intravenous infusion or injections. Three day? 
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Fig. 3. Shotting the effect of 42 L U. of corticotrophine i!.?nau’.n’'i't 
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to 0 X 7 I. U. eorticotrophinc/dn> intramutcularij . 


iatra. 


r intramuscular infusion gives a small increase of the 
:ease of eosinophils. In our patients the olimeal condit.on ^ 

,e change in the 17-kotosteroid excretion. We observed 

rolonged administration of a certain batch, vhich vas ct . i-^-cioslcrovl 
.an expected, there was a reflection of the poor jT-keto- 

ccretion. For this reason we believe that at the pre.=en 
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Steroid excretion should be accepted as a satisfactory criterion for adrenal activity 
in men under corticotrophine stimulation. 

II, Conditions under udiicli the use of the 17-ketosleroid excretion can serve as a 
criterion. 

It must be first realised that there is great individual variation in the increase 
of the excretion of the 17-ketosteroids in the urine after an injection of the same 
amount of corticotrophine of the same batch (illustrated in table 2). This strongly 
variable adrenal reaction in different patients makes it obligatory that d^jferent■ 
batches of corticotrophine be administered to the same patient in order to be com- 
pared. The glucocorticoid production (for which we have accepted the 17-keto- 
steroid excretion as an indirect measure) is dependent on two factors. These are 
the quantity of corticotrophine which reaches the adrenal per unit of time and 
secondly the reaction of the adrenal to corticotrophine (see diagram). Both factors 
can themselves be influenced by various others. Concerning the problem of cortico- 
trophine Dresistancei) some of these possible factors were studied by us (Goslings 
1951 (a) and (b)) and discussed in a previous publication (Goslings 1952). 

We will here consider only some of the factors which influence the quantity of 
corticotrophine reachmg the adrenal per unit of time i. e. the quantity of cortico- 
trophine which is administered per unit of time and the methods of administration. 
It is well known that corticotrophine disappears rapidly out of the blood (Sayers 
et ah 1949, Greenspan et al. 1950, Sonenberg et al. 1951). Experience has taught us 
that a rapid stimulation of the adrenal activates it only for a short time. It is 
therefore of importance to know how much corticotrophine reaches the adrenal per 
unit of time. 

Either fractionated administration or infusion of a given quantity of cortico- 
trophine will thus have a stronger adrenal stimulating effect than a single injec- 
tion. The theoretical consideration (de Jongh et al. 1950) is experimentally es- 
tablished (Mc.Intosh et al. 1951, Querido et al. 1951, v. Creveld etal. 1950, Ham- 
burger et al. 1951). 

The general conclusion which may be drawn from these experiments is that cor- 
ticotrophine works far more effectively when the administration is divided over a 
large number of injections or when given by intravenous infusion. Although these 
general considerations can be simply stated, detailed analysis w^ill confront us with 
new problems. According to Gordon et al. (1951) the route of administration may 
be decisive. This was a surprise to us because in both cases previously studied by 
us (Querido et al. 1951) no marked difference was observed between frequent intra- 
muscular injections and intravenous infusion with regard to the 17-ketosteroid re- 
sponse. One objection to this argument is that in each patient a maximal stimula- 
tion of the adrenal was reached with the doses of corticotrophine used so that no 
further differentiation was possible. 

_ The observations of Gordon were sufficient reason for us to reinvestigate the 
miluences of the route of administration. In patients (fig. 3 and 4), who no 
onger responded adequately to a daily dosage of 6 X 7 U. intramuscularly ()>re- 
sistance))), a similar daily dose was administered as a constant intramuscular and 
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Fig. 4. To show the effect of 42 I. U. corticotrophinc edministcred during 3 dnys ns nn intmmu'cuhr 
and intravenous infusion (and divided info 6 intravenous injections) in n patient «ifii rheumatp”) 
arthritis who had become sresisfnnts to 6 x 7 I. XJ. corticotrophinc'day intramusculariv. 


The investigations of Adams et al. {1951) suggest that protease impurities in the 
preparations may be activated during incubation in muscle. Pincus et al. (1952) 
discuss a neutralizing factor in tbe serum. However this cannot be the only or 
decisiA^e factor. It is difficult to cnAusage a muscle factor which during intra- 
muscular infusion does not operate and a serum factor which has less effect on in- 
travenous than intramuscularly administered corticotropliine. i- 

By the use of pmrer, mote recently developed preparations {Rosenberg et al. 
1951), the differences between intramuscularly and intravenously administered 
cort'icotrophine were less pronounced (Council on Pharmacy and Chemistry IS.'iS). 
According to investigations by Organon Inc., the corticotropliine preparations 
used by us never contained protease. In our opinion the above mentioned orihr 
of effectiveness of different methods of administration can for tlic greater part be 
explained adequately by the different quantities of corticotrophinc re.aching the 
adrenal. 

In our opinion the arguments advanced arc insufficient to constitute a more 
essential difference between various methods of administration. Ihus one c.in 
employ different methods of administration for this biological tc.?t pro\ iding t mt 
the same test procedure and same method of administration are ahvn}.-- u-cf . 


Methods. 

A test method in which the different batches examined during throe consccum e 
days were administered intramuscular]}' in G fractionated do.scs of 7 1. • 
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was developed. These periods were alternated vith control periods of three to five 
days in which placebo injections were administered. The total 24 hours urine pro- 
duction was coUected daily and examined for 17-ketosteroid excretion. Creatinine 
excretion was determined in a number of patients in order to control urine collec- 
tion. The daily dose should be chosen such that no maximal response is obtained. 
The more or less arbitrarilj'' selected quantity of 6 X < I. U. was generally ade- 
quate. 


Reaction I 



Fig. 5. Schemo bj- which different batches nro compared. 

This dose was clinically effective in most patients in spite of the fact that the 
dose was much smaller than that advocated in many publications. With the in- 
tramuscular dose of G X 2 I. U., though often clinically effective the 17 k. s. 

Table 2. 

The variahon vi the excretion of 17-kclos(croids in different 'patietits after administration 
of 6 X 7 I. U. compared with 6x21. V. corlicolrophmefday of the same batch during 

three days. 
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response may be small. A dosage of 6 x 4 I. U. 
our dosage of 6 X 7 I. U. 


may even be more .suitable than 


In conclusion it must be realised that after several series of injections tin* K. 
ketosteroid response may become less. It is therefore necessary to end will, iC 

first employed preparation if different corticotrophinc preparations arc coinrMred 

lU employ the following scheme (indicated in fig. 5). With similarly occarriiir 
1 r -ketosteroid reactions of A and A or B and B one may compare the intcrp(i=''(l 
preparations. 


III. Comparison of different hatches of ACTll. 

Is there any reason to presume a lack of parallelism between activity cxprc.-cd 
in Sayers Units and the activity observed in the clinical tcstl 

17 Its 
mg/24 Vs 

lltlH 

tij! 

Pig. C. Comparison of different batcfics of corticotrophinc injected in tlio same patient at diffcrrnl 

times. For doses see dLscu.ssion. 



To study this problem we used the teebuique as indicated and di.sciis.scd ttnder 
II (three day injection-periods alternating with 3 — 5 day placebo-periods). 

In fig. 6 the behaviour is shown of different batches injected at a level of 
6 X 7 I. U. daily. The 17-ketosteroid e.\-cretion during the period that the Iintclie.^ 
22 and 37 were applied was of the same magnitude. These batclics produced con- 



siderably more increase of 17 -kctostero.d excretion romhine 

equal doses of batches no. 29, 31 and 3G The -ketost r k cxcret t 
from preparations 22 and 37 was approached when ve ti.sed G X 10 
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of G X T I. U. of batch 31. The similarity of response in batclics 22 and 37 is also 
apparent in fig. 7. Batch 41 had definitely less effect on the 17-lcetosteroid ex- 
cretion than batches 22 and 37. 

Discrepancy between the various batches which manifested itself in this biolog- 
ical assay by the 17-ketosteroid excretion runs roughly parallel to the clinical 
effect, even though this is much more difficult to report in figures. This parallelism 
is supported by the following observation. Two patients were simultaneously and 
similarly treated with increasing doses of 6 X 2, 6 X 3, 6 X 4 I. U. corticotro- 
phine of batch 27. During treatment with batch 27 there was in both patients 
neither an increase in the 17-ketosteroid excretion nor a drop in the eosinophil 
count neither was there improvement in the clinical condition. Because of the poor 
clinical effect a new batch (22) was employed after 91 days, also in doses of 0 X 4 



Fig. S. Comparison of different batclics of corticotrophine injected in the same patient at different 

times. For doses see discussion. 


I. L . After treatment with batch 22 both patients showed a definite 17-ketosteroid 
response accompanied by improvement of the clinical condition and a decrease of 
the sedimentation rate. 


Stimulated by this clinical finding we subjected these batches to the 3 day test. 
Fig. 8 shows that batch 22 in the same dosage has a much stronger effect on 
the 17-ketosteroid excretion than batch 27. 

Similar observations of inferior clinical effect were made with 6 patients treated 
with batch 31. The inferior behaviour of this batch in the 17-ketosteroid test is 
demonstrated m fig. 6. As a last example we refer to fig. 2. In this experiment 
the l/-ketostero]d response during the period of administration of batches 22 and 
3 (was noticeably higher than during administration of batch Kes. P 277. 

In table 3 the amount of l/-ketosteroids excreted during the 3 day periods 
0 administration of the different batches is given in mg exceeding the value of 3 
days of the mean control. Although we know that it is not permitted to attach 
much lalue to this way of expressing results it serves the purpose of giving 
. 1 ipression of the increase. B e consider ourselves justified in concluding that 
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different effects in 17-ketosteroid excretion mn i 
tions injected in identic! ,,.c„,ifc n„der i,ic„Ll offline 


jnoie iS. 




do J. 

batclv 277 

17.K.S UJ 

5nd. 

batch 27 

17-K.S “ 3.9 

V. 

batch 41 

17-K. S iTs 

P. 

batch 22 

17-K. S Ki 

batch 36 

17-K. S 4.2 


22 

37 

277 

67.8 

’ 81.0 

23.r 

22 

27 


33.1 

8.1 


22 

37 

41 


60 

0.2 

31 

2B 

* 31 

13.8 

lO.G 

31 

37 

22 

37 

29.C 

Sli 

28,2 


^ only second and third day. 


Discnssion. 

The discrepancy observed in some batches between the activity expro.ascti in 
Sayers Units and the activity in the clinical test may be explained in different 
ways. 

1) Obviously there are at Icasttwodemonstrablecausesforpossiblequantitativc 
differences. Firstly the results in the Sayers test are subject to very large devia- 
tions. Because of this variability devdations of 50 % from the actual strength of 
the preparation can occur in exceptional cases. 

Secondly in the absence of the same constant international standard prepara- 
tion, assaying of corticotrophine has often been done against different standard 
preparations a practice which in itself can also lead to deviations. Some prepara- 
tions which deviated in the clinic (batches 27, 29, 31) were for this reason kindly 
re-assayed by Messrs. Organon against new standard preparations. It then ap- 
peared that a large part of the observed discrepancies could indeed be explained. 
The results of the re-assay* correlated more closely with the clinico-hiologicaiiy 
determined strength. We did not in fact give 42 I. U. using these hatches Init 
much less. This result strengthens the case for the quantitative value of this clin- 
ical test on the 17-ketosteroid excretion, which test brought the wrong labelling 
to light. 

2) Moreover the possibility exists that the discrepancies observed arc an in- 
dication of qualitative differences between the Sayers test and the clinical te-t 
mentioned above. This might c. g. depend on the fact that in the Sayers tc,-t t .. 
corticotrophic effects are evaluated by* other means than hy the clinico- no o.ira 
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test. Tiierc is little known about the connection between ascorbic acid decrease 
in the adrenals and steroid production after ACTII stimulation. 

However the influence of the factors mentioned under 1) is great and the results 
of the clinical test are also subject to variation. Without further re.sults and dis- 
cussions there is therefore no reason to conclude yet that the qualitative devia- 
tions mentioned imder 2) were also operating factors. 

Wc feel that the data obtained with batch Res. P 277 could be an indication 
that qualitative differences also exist. This batch was prepared by a special j)ro- 
cedure differing entirely from the usual procedure used for commercial prepara- 
tions. The preparation was exclusively intended and used for experimental pur- 
poses. The preparation showed a discrepancy between both tests. The batch Res. 
P 277 was also assayed in the adrenal weight maintenance test by Messrs. Organon. 
It is interesting to note that this test showed for this preparation better correla- 
tion with the clmical 17-kctosteroid excretion test. 

For comparative clinical scientific research the use of 07ic single hatch is obliga- 
torj'. If this is not possible before using a new batch one should test the effec- 
tiveness of this batch against the former, in the clinical biological test, 

Suiumai'y. 

When administering corticotrophine we have besides the normal pharmacolog- 
ical variability also to do with an other unknown factor. 

In the administration of this drug- we do-not give a direct therapy but stimulate 
the body to produce the active agent. 

The criteria which may indicate the activity of the administered corticotrophine, 
arc discussed. 

From this paper it may be concluded that nowadays the best measurements 
available are the 24 hours excretion of the 17-ketosteroids. From the results of our 
clinical investigations the suspicion arose that not all the corticotrophine prepara- 
tions were of the same strength. By means of the 24 hours excretion of the 17- 
ketosteroids as criterion different batches of corticotrophine were tested. 

According to this clinico-biological test the conclusion was drawn that some 
batches show a divergence between the adrenal activation capacity and their label. 

It is probable that next to quantitative failures inherent in the Sayers assay 
there are also qualitative differences in the evaluation of corticotrophine in dif- 
ferent tests. 

For comparative clinical scientific research the use of oiw single batch is obliga- 
tory. If this is not possible one should before using a new batch test the effec- 
tiveness of this batch against the former in the clinico-biological test. 
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Introduction. 

The choice of a suitable antibiotic is governed by two main questions: 

1. Towards which of the available antibiotics do the bacteria, isolated from 
the patient, show a maximum sensitivity? 

This may in a more exact form be expressed as: Which antibiotic has the lowest 
minimum inhibiting concentration (m. i. c.) for the bacteria isolated? 

According to definition the m. i. c. is the highest dilution of antibiotic to cause 
bacteriostasis. 

2. Is it possible to effect in the patient a serum level of the antibiotic at or above 
the m. i. c., needed for suppression of growth of the bacteria involved? 

This paper attempts to express the results of sensitivity tests in terras of m. i. c. 
Further we have tried to gain information about the serum levels of the current 
antibiotics, by studying the pertinent literature, and by our own determinations 
using Heatley’s platemethod. The results permit an interpretation of sensitivity 
tests, which facilitates the choice of the suitable antibiotic in bacterial infections. 


The Interpretation of Sensitivity Tests in Terms of Minimum Inhibiting 

Concentration. 

From the different modifications, available for determination of bacterial sen- 
siti^nty by means of a diffusion method, we chose the tablet method, devised by 
Lund (1, 2). This method is in our opinion very well suited for routine determina- 
tions, because of its technical simplicity and because of the relatively short 
reading time required. 

According to the original description given by Lund, a homogeneous suspension 
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of the pure culture of the organisms, isolated from the patient is mad<' T) ' 
pension is evenly spread on a 10 % Levinthal agar, by means ;f a piJs'rS 
tablets,_ containing standardized amounts of the antibiotics to be trld are nW I 
on the inoculated agar and the plates are placed in the incubator at sr C 
After 1. hours the ^ameter of the inhibition zone, formed around the fnl,!,.* 
IS measured. Since this diameter will be proportional to the sensitivitv of tft- 
bacteria to the antibiotics contained in the tablets, it will be possiiilc to comnan- 
the action of different antibiotics on the bacteria to be attacked 
The interpretation of the inhibition zone, formed around the tablet, becomes 
difficult, when it is desired to find, whether a given, measured inhibition zone is 
large enough to justify a favourable prognosis for the treatment. 


The Experimental Standardization by Dilution Toast. 


In the standardization of their sensitivity-tablets Lund and co-workers used an 
experimental method to arrive at a tentative interpretation of inhibition zones in 
terms of m. i. c. (2). In short their method amounts to comparing the results, 
obtained by their diffusion method, with the results found by determination of (he 
m. i. c. by a dilution method. 

The procedure is then as follows; 

Supposing, that by a dilution method it is determined that the growth ofthcti sf 
bacteria Staphylococcus P 209 is entirely suppressed by 0.2 I. U./m( pcnfciiiin, 
and that a tablet containing the standard amount of 50 I. U. penicillin, on a 
plate, inoculated with Staph. P 209 yields an inhibition zone of 25 mni. 

It is then inferred, that an inhibition zone of 25 mm around a tablet, containing 
the standard amount of penicillin, means that the bacteria is susceptible to 
a m. i. c. of 0.2 I. U./ral. 

Working with tablets, contaming the following standard amounts; 


Penicillin 

Sulphathiazole ? 

Streptomycin ^ 

Aureomycin ^ ^ 

Chloramphenicol ® 

Terramycin 

Lund and co-workers arrived at the interpretation of inhibition zones, given in 

^Ifhls ^procedure is of course open to criticism, since the conditions involved m 
carrjdng out dilution tests, are in many respects different from the coiu i ion, 

found when employing diffusion tests. _ _ _ 

In antibiotics with a mainly bacteriostatic action it is difficult to obtain . 

sharply defined growth limit in the dilation test. . 

The size of the inoculum also, which is of rather less importance m d U . -n 
methods, may influence the result of dilution tests to a considora i e i e- 
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Tnlde I. 

}{fh(ion of iiihiliUioK tmc (o (he mimmuvt inlnbitinrj concc)itrntio» acconlhuj 
(a Lmnl, FumleT-Schmidl a. o. 


Minimum inli, cone, in y/ml (or I. U./ml) 


Diainolcr of Inliibition zone in mm 

i . . . ..... 

, Sulpha 

1 

Poaic. 

.Streptom. 

.Aurrom. ' 
Tcrnini. I 
Clilornmpli. ! 

! IG-21 

: 

i 100—50 

5 — O.r, 

> 100—10 

S 

10—20 1 

1 •2.>-20 

2.'>— 12..'; 

0,5—0. 1 

i 10- 2 

20— 1 

j >30 

1 12.r. 

0.1 

2 

1 


Though ive feel, tliat by altering the experimental conditions in the dilution 
test (c. ff. by reading the 50 % bacteriostatic concentration by means of a tur- 
liidimelric method, and by using a standard loop for inoculation of the test tubes) 
some of the difficulties named above may he overcome, ve lioped to arrive at 
an adequate interpretation of inhibition zones on a more theoretical basis. We 
thought that it might lie possible to apply the general theory of plate assays, 
given by Cooper, Humphrc}’’, and Lightbown in their recent publications, to our 
problem (3, 4, 5). 


The Conoopt of the >Critical Timoi Applied to tho Interpretation 

Inhibition Zones. 


of 


diffusion theories try to calculate the concentration of the diffusing agent, 
present at different distances from the diffusion centre at a given time (t). 

For the diffusion of antibiotics in agar media a formula has been derived by 
Liddiard. This formula has been based on the simplifying assumption, that, at 
the beginning of the experiment, a knovm quantity of antibiotic is being placed 
m the form of a very small pencil at the centre of diffusion. Moreover it is assumed 
that radial diffusion takes place from this centre into the agar layer. 

For a more detailed description of Liddiard’s theoretical reasoning, ^ve refer to 
the paper by Humphrey and Lightbovra. It seems sufficient here to note, that 
the concentration of antibiotic, present at a certain time (t) at a distance (r) from 
the centre of diffusion, may be calculated, if ve knoiv; 

1. the total amount of antibiotic placed into the agar 

2. the depth of the agar layer, 

T 1 - "l; “ ^ of the experiment. 

cenHe rdTfEfV antibiotic (a) at distant' (r) from the 

S S, Itet I ‘io r-c line, ami in the foUorving 

e Tpu tiro such lines are shown as an example (graph I). ^ 

*7/ interpretation of inhibition 

-G .‘)5006j. .Mamed. Scandinav. Vol.CXLYIII. 
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arc .tady trea 

poL" r«: ^;r' ’“'• 

ac .. i. c. Of the aiff„.i„, „„ti,,ie,“ r W ■’ '”"• ”•" 


Grjipli I, 

c: in ^/m-L . 



Concenfraiioo of anliWotic in j’/ml 2.8 lire and 3.0 hrs after tlic liOKinniuK of the nperimfnt In I* 
fonnd nt distance (r) from the diffasion centre. It is supposed licre that S mg of antiliioiic list 

ticcn placed at the centre. 


1) In experiments, done hy Cooper and Gillespie (3) chiefly with strains of 
Staphylococcus, it appeared, that in the in-vitro experiments, after a cert.iifi 
»critical timee, the bacteria arc able to grow in the pre.setico of man}’ limes the 
minimum inhibiting concentration. Bacteria whicli arc reached by the in. i. c, 
before the critical time tvilj be suppressed in their growth, while bacteria heine 
reached by the m. i. c. after the critical time will show normal growth. It follow.-, 
that the size of the inhibition zone attains its definite value at the critical tiin>' 
discu.ssed above; (in general this is at a time, when nothing can as yet he seen by 
the naked eye). 

Since in Cooper’s experiments the critical time appeared to he nbout -1 time- 
the generation-time of the bacteria plus the lag phase (phase, prccodinp the pli.'V'’ 
of logarithmic growth), we arrive at the following vnlue,s; 

The generation-time of most baeteria found in routine .sjicciinen.s varic,'- at 37 ( . 
between 20 min. and 40 min. The lag-phase of most bacteria falls within a tiin^ 
limit of about 00 min. So the critical times, with which we are concerned, arc aid 
to vary between: t = 4 X 20 -f- 00 min. = 2.3 hours and 1=4 X 40 -v 00 nun. 

3,7 hours. , . ; 

2) From the reasoning c.vplained above follows that wc nia) e.xpect m m n • 
tion zone to occur at that di.stance from the diffusion centre, where at f i inli 
time the m, i, c. is present. 
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It is noB- possible to fiml a relationship betB-cen inhibition zone and ni. i. c. 
based on the r— c line (see above) and the concept of the critical time. 

ij.: Supposing the bacteria under stud)’ has a critical time of .3.0 hours. A 
tablet containing .b mg of streptomycin causes an inhibition zone to occur of 20 mm 
<liamcter. Then at. a distance of 10 mm from the diffusion centre the m. i. c. must 
liavc prevailed at the critical time (3.0 hours). Since the r — c line for the time of 
3.0 hours shows the concentration of antibiotic at 10 mm distance from the centre 
to liave been 14 y/ml the m. i. c. of .streptomycin for the bacteria is apparently 
14 y/ml. 

We have constructed r — c lines for all generation-times between 20 and 40 
minutes (representing critical times between t = 2.3 hours and t = 3. ^ hour.s), 
nsing as the amount of antibiotic, present in the diffusion centre, the amount of 
antibiotic, contained in the tablets described above. 


The construction of our diffusion graphs was done in the following manner; 

M _j[L 

Liddiard's formula is as follows: a — c t nt 

4.-rhDt 

In this e.vprcssion the following terms are encountered: 

a = concentmtion of antibiotic nt distance (r) from centre of diffusion (in mg/1 or >’/ml). 

M — amount of antibiotic placed at the centre of diffusion (in mg). 

D = diffussion-constant of the antibiotic in the agar medium, which is ap])roximntcly 
the same ns the diffusion-constant of water in agar nt the temperature of the e.vpcri- 
ment (in cmyiir). 

t = time during which diffusion has taken place after start of the cx])erimcnt (in liotins). 

h =s depth of the agar layer. 

In our calculation we applied the above as follows: 

(31); As already stated, the formula has been derived on the assumption that the total 
amount of antibiotic placed at the diffusion centre is inserted into the agar as a 
pencil of infinitely small dimensions and that radial diffusion takes place. As (M) 
in our calculations we used the total amount of antibiotic present in the Lund-tahlet. 
It is assumed that the antibiotic readily dissolves in the small water layer, always 
present on the agar .surface and that diffusion of the antibiotic solution takes place 
in the manner de.scribcd above. 

ID): Since the diffusion-constant (D) does not seem to vary very much for different 
antibiotics, given a temperature of 37° C, and .since small changes in the (D) term 
of the formula do not influence the outcome in a considerable way, a medium value 
of O.oi cm7hr seems appropriate here. 

(b): As depth of the agar layer we used 0.4 cm. 

(t): As time (t) we took the critical times, calculated on the assumption that for a 
certain bacteria svith generation-time G. T. the critical time will be 4 times tlie 
U. r. plus the lag jdiase. Since .at 37° C the lag phase is generally about 1 hour we 
arrive at our critical time (t) by multiplying the generation time by four and adding 


The generation-times of the bacteria commonlv encountered 
according to Toploy and Wilson's textbook (9) as" follows: 


in clinical routine arc 


Salmonella, Proteus . 
Staphyloc., Strcptoc, 

Pseudomonas 

Corynebnet 


20—30 min 
25—3.5 » 

30—40 » 

35-40 1) 
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This means that the critical times witli tt-hift im i i 

3.0; 3 3; and 3 7 hours The results of our calculations l^a=TTO"^h^c! nn!-*,.!’'.'! '’ ' 
from tie fbUonung table, ^rhich is the basis of ail cliiYusion mjWd in di!;;;; 


Tnlilc II. 


Concmratiorn of antibioticja) al dhlance (r) from diffumn centre. 

for M — o my and for M = 2 my. 


X. B. The corrcsiKjndinK v.aluc? for >1= 50 I.U.(in thcco^oofpc 
the values for II ^ 5 hy factor 10 and by chanrh 


'nicilUn) nrc found l.v i 


chanrmj: mg into 1. V. 


I 

“I 

Generation 
time (G. T.) 
in min. 

Critical 
lime (1) 
in hrs 

l.r, 

I 

1.7 

1.3 

2.0 

5 i 

;.= ! 

i ! 

1 1 

2.5 

2.'i 

. 

■ ^ i 

Sp 

i ta 

O.s ■ 

0.95 

0.9 

1.0 

i.t 

1.25 ! 

!.( ; 

i S 

o a 
£ 

20 

2.3 

35 ■' 


C.5 

O.c 

; 0.0 C 

— . 

— 

|l 

23 

2.C 

63 1 

28.1 

11.8 

1.7 

: 0.5 i 

O.ooc 

— 

'' kj 

30 

3.0 

1C5 . 

— 

38 

14.3 

! bl7| 

0.07 

0.003 

i 

IS 

33 

3.3 

210 : 

120 

CO 

13.7 

1 3 ; 

0.2 

O.OI 


40 

3.7 

350 i 

243 

lOS 

33.8 


l.fO 

0.05 





1.6 

1.7 

1.8 

2.0 ; 

2.2 1 

1 

2.5 

2.8 

u 

Generation 
time (G. T.) 

Critical 
time (t) 




t 

i 



*3 








95 

in min. 

in hrs 








3 . 



0.8 

0.S5 

0.9 

1.0 

i.i 

1.25 

1.1 

^ o 

X .S 
- ■ N 






1 





20 

2.3 

14 

— 

2.C 

. 

0.02 

1 

— 

— 

S X 

Cl 

25 

2.C 

24.2 

11.3 

4.7 

O.CSj 

0.2 1 

0.002 

— 


30 

3.0 

C6 

_ 

15.2 

1 

5.7 ’ 

0.56! 

0.029 

O.ooj 


35 

3.3 

81 

48 

24 

5.1 C 

1.2 

O.fis 

0.00 ( 


o 

3.7 

140 

97 

43.2 

13.5 i 

2.8 ‘ 

0.71 

0.02 




Since all the generation-times of the bacteria found in routine 
are apt to varj' betrveen 20 and 40 minutes, rve have, snth an eye ^ 
considerations, found it useful to replace the bundle of bnc.-, J ^ ^ 

cedure, by an r— c area, lying betrveen the line drawn for « P''”- ■ ‘ 

20 min. (t = 2.3), and the line drarvn for a gencration-tirne of 
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The i^hadowcd area now rcjirc.^ents the relationsliip Ijotavren tlic inhibition zone 
and the ni. i. c. for most of the common bacteria, given a certain fixed amount. 
{m this case 5 mg) of antibiotic, placed at the centre of diffusion. 

Tile significance of the horizontal line SL in our graph 2 will be explained in 
the following .section. 

(Jrnpti H. 

-b = 3.7 



r — c lines dr.wvn for criticnl tiroes I = 3,7, 3.0 and 2.S. The shadowed nrc.a betwcci) t =■ 3.7 and 
t = 2.3 compr/se.s the r — c lines, Khich can he constnictcd for nil gencMtion times hctivccJi 20 

min. and 40 min. 

This graph has been constrnctod for an amount of 5 mg of antibiotic placed at the diffusion centre. 

(For further explanation see text.) 


Tho Sorum lovol of antibiotics. 


If we want now to gain an impression of the chance.s of therapy rvitli a certain 
antibiotic, by reading inhibition zones, wc proceed ns follows: 

At the level of tho concentration of antibiotic, generally reached in the serum, 
after the normal dosage, we draw a liorizonfal line: iitlie serum levelo (marked SL 
in onr graph 2). 


Let us suppose, that a streptomycin tablet, containing 5 mg of the antibiotic 
IS placed on an agar plate, inoculated with a certain strain. Let the inhibition zone 
read after incubation, be 2.2 cm in diameter (r = l.i). 

c are then, with the aid of our r— c graph (see graph 2), able to infer, that the 
m. 1 . c. of streptomycin for this bacteria will be: 

( tke generation-ttmc of the bacteria is 40 min.; its critical time therefore 

t =,:>.( hours. 

1.3 y/ml if the generation-time of tlie bacteria is 30 min.; its critical time there- 
lore t =3.0 hours. 

time there- 
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Let the expect^ed serum level be 25 y/ml (in actual fact this level is achieve,! nh! 
a daily dosage of 3 g). e then draw our serum level at 25 -//ml. It is readilv ' ’ 
that ovm fet a gcncration-tims ot 40 min, (t =3.?) tk i,,'. i. e. of j',; 

Si t rvMraS " 

If the inhibition zone had been 1.8 cm in diameter (r =0.0), then (he ni i 
of streptomycin for this bacteria would have been (see graph 2): * 


108 y/ml if the generation-time of the bacteria is 40 min. (t= 3 . 7 ), 
38 y/ml if the generation-time of the bacteria is 30 min. (t = 3.0). 
6.5 y/ml if the generation-time of the bacteria is 20 min. (t =2.3). 


With a serum level of 2a y/ml this would mean, that, in case the genera t ion- tiirif 
of the bacteria is 30 rain, or 40 min. (critical time t = 3.0 or t = 3.7), the rn. i. c. 
requited, falls above the scrum level and the success of therapy is flouhtfiil. 

From this example it will be clear, that to the right of point P, where the .'cnitn 
level cuts the r — c line drawn for t = 3.7 hours, all the m. i. concentrations jrcjirc- 
sented by our shadowed r — c area) fall below the scrum level. This means, that for 
an inhibiting zone larger in diameter than the abscissa (r-axis) of point P, we nwr 
assume that the m. i. c. required for hactcriostasis, is below the scrum level reached 
and the prognosis for our therapy with the antibiotic is favourable. 

From the literature pertaining to this subject (0,7) and from data gained in nur 
clinics we compiled the following table, showing the scrum level of different anti- 
biotics, to be expected after certain common dosages of antibiotics. 

We have constructed our r — c graphs for the Lund-tahlcts used in our clinics 
and have drawn the horizontal line of the scrum level for tlie cxpectcii serum, level'- 
according to the table shorni above. It appears then, that inhibition zone au of 
more than 25 mm in diameter justifies a favourable prognosis of antibiotic therapy. 
If on the other hand the inhibition zone is smaller than 25 mm in diameter, we 
sec, that most of the m. i. c.’s, represented by the sliadcd area, fall above the 
serum level and bacteriostasis is not to be expected. This appears to be ver)' 
well in accordance avith the experimental results, gained by Imnd, luiKler- 
Schmidt a. o. (2). 


Tabic III. 

Senun level o/ antibiotm occurring vith usual rfo'aje. 


Antibiotic: 

Sulpha 

Pcnic. 


■ 

Strepton, ‘ 

Tcrrnm. 

Chloraraph. | Aurerc:. 

Dosage in 
g. dnily 
(I.U.dnii}') 

4 

1 inj. of 

1 

1-2 

3 

1 


4 

1 

MM 

: 1 -1 j 1 i = 1 ' 

Seruni level 

30—70 

too 000 

I— II 

After 

*2—5 

10—20 

20-40 


2-3 

5 — 15 

2-3..'* 

is iw 

1 ! ! 

in y/ml (I. 
U./ml) 


4 hrs. 
0.2-2 








i ! ' ■ 
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Summar.v 

Tiiis jiaper (lea1« with nil attempt to correlate the in-vitro results obtained in- 
sensitivity testing of bacteria, according to Lund’s method, with the serum level 
of the antibiotics required for adequate therapy. 

Ilv means of theoretical reasoning along the lines of Hnniphrcy’s general theory 
of plate assays, we tried to c.vpress the inhibition zone obtained by diffusion of a 
certain fixed dose of antibiotic in an inoculated agar plate, in terms of the mini- 
mum concentration, required for bactcriostasis in the common bacteria. 

It appeared, that for the majority of bacteria, encountered in routine clinical 
testing, a favourable therapeutic result could be expected, if the inhibition zone 
shown, \ising Lund’s tablets, was greater than 25 imn. 
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Tiic So-Callctl 


• Diiinitinir Syiidronier after Partial (lasiric 
llescctioii for Peptic Ulcer. 


By 

N. HELLEMAXS, M. D.‘ 
(Sulitiiitte'I for jniblication October 22, in.^a.) 


For .‘Joiiie limo iti t}ic literature the most frequently discussed postoperative 
cojiiplicatiou of tilcer vns undoubtedly the jejunal ulcer; but during recent years 
there has beett a growing interest in the so-called Rdutnping syndrome'). The fact 
that this .syndrome, con.sisting of early postprandial complaints, was also found 
after gastro-entorostomy for peptic ulcer, appears in the earlier literature, Dd- 
nechnux (I) in 1007 described a well-defined syndrome after gastro-cntcrostomy: 
".syndrome dyspeptique socondairc a la gastro-enterostomic*. Itnmcdintely after a 
meal the patient began to comjdain of feelings of ])ressurc, horborygmi and some- 
times epigastric pain. In 1022 AUx (2) dc.scrihcd a patient who had a gastro-ontorosto- 
my and oi\ X-ray examination the barium meal was found to pass very rapidly 
through the .stomach, soon arriving in the lowest part of the jejunum. This phenom- 
enon was called ht' him "dumping stomach" quite independently of anj' connec- 
tion with definite complaints. Tlic appearance of symptoms on the one hand and 
the X-ray finding of rapid gastric evacuation oi\ the other hand, gave rise to tlie 
term: "clumping .syndrome". 

In tiio literature the authors are unanimous as to the .symptomatology of this 
■syndrome c. subjective symptoms .starting immediately after a meal and lasting 
about 20 — 30 minutes. U.sually the .symptoms begin 10 — 14 days after the operation. 
The frequency after gastric resection is stated to be from 14 — 7.0 %. The aetiology 
reiuaiu.s a point of discussion. 

In a the.sis presented in the University of Groningen (supervisor: Prof. Dr F. S. P. 
van Bucliern) we discussed the re-sults of a follow-up c.xamination in 200 persons 
wlio had had operative treatment (100 by the method of Billroth I (gastroduo- 
denostomy) ino.stly with Schoemaker's modification and 100 by the method of 
Billroth II (gastrojejuno.stomy) some with the modification of Polya-Rcichel, some 
with that of Hofmci-ster-Finstcrer). 

’ Dcpirtra'-nt of Inlcmal Mcalicine, University of Groningen, The Xcthcrlands. 



In all cases 3/u~2/3 of the stomach was resected. 191 patientc fmd I 
ted on for non-malignant ulcer, and G paticut.s for castrifis The i u r -7’.' 
the operation and the rc-cxamination «-as at least 5 years-' in r,(> - ,if Tl 
^vas 6 or 7 years. The cases consisted of 187 men and ]3 women, ft ra ? 

partial gastrectomy for duodenal ulcer and that for gastric ulcer was 7 • 
nge duration of the uleer symptoms before operation was 9.5 voars' "\i 7 7 
personally attended the outpatient department for examination ' ‘ 

• f that the so-called ^dumping .syndrome, occur, 

in Gu ^ of the cases after Billroth I operation and in 88 % after Billroth H oiK-n- 
tion. As to the symptomatology of the syndrome, our findings are in ncconLncl 
with those described in the literature. 

The symptoms start very soon after the operation, usiinlly after lO—H dflv... 
They appear during, or straight after a meal, and last usually 20— 30 minutes, and 
are of subjective nature; nausea, weakness, lassitude, a leaden feeling in the hy., 
accompanied by a desire to lie down, cold sweat on the forehead, a sensation of 
warmth and/or chilliness, sometimes flushings and a feeling of distension in the 
upper abdomen. Less frequently: dizziness, headache, palpitations, dulines-s yawn- 
ing and tremors, borborygmi and diarrhoea. A carefully orgnniHcd history is 
necessary as the patients do not discuss their complaints spontnncou.«h-. 

Whilst the immediate cause of the syndrome is a point of discussion in the litera- 
ture, after accurate history-taking it appears that especially boiled whole milk- 
food (avhole milk porridge and milkpudding) or a glass of milk, may cause dhe 
dumping syndromes. The complaints appear especially when the )iatient takes 
Tvhole milk food after a meal. Fatty foods, pul.scs, cabbages, iinpcelcd fruits and 
coffee are generally well-tolerated. The intensity and the duration of the comjdaints 
decrease in the recumbent position though this docs not prevent their njipcaraiiee. 
In most cases the sensations are different from those which occur after a full meal. 

The symptoms do not resemble those of peptic ulcer; the pain is nhspnt in tlw 
syndrome; this is an essential difference from the history of post-operative peptic 
ulcer. 

Most investigators (3—12) attach great value to the rapid emptying of the ga-^tric 
remnant in explaining the early postprandial complaints. It is especially the radical 
anatomical alterations rather than the functional changes caused by the opetattmi 
avhich have been connected with the syndrome disorders following. In nn investiga- 
tion as to whether any relationship exists between the e<ar!y postprawbal com- 
plaints and the rapid emptying of the gastric remnant X-ray examination of the 
upper gastrointestinal tract provides an excellent means of study. After admmiMrn- 
tion of the barium meal it is possible to sec the details of the 
tract Only after this examination can we estimate whether the so-called »dumpii |. 
syndrome-) does indeed depend on a »dnmping-> of the gastric contents mfo thc.^ma) 


intestine. 


93 oi the luu paticnm openueu ujwu ,, . . r. 

and 90 of the 100 patients operated on by the method of Billroth II type o ‘ 
tion. Primarily we noted the gastric emptying-time, e can .spc.i 
when the evacuation of a 150 cc barium meal take.s place within . 
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was iIh' case in Tri of the JHIlrotli II Htomnehs compared with M % of the Bill- 
roth 1 Ktomach^=. We verv often gained the impros.-ion that the Billroth II t^tontaehs 
showed a gastric sttimp which was merely an elongation of the oesojdiagns. The 
emjitvini: of the stomach in the Billroth I groujt took jdace, within 20 minntes in 
.*15 the cases as compared rvith 82 % of the Billroth II group. Considering the 
speed of emptying in relation to the a]>pearancc of the early postj)randial coinjilnints, 
it seems that there is no connection between the .speed of gastric evacuation and 
the syndrome. 

After systematic questioning it appeared that whilst standing in front, of the 
screen, none of the patient.s with a Hlumping-' stomach had any .symptoms, not 
even those with the so-called I'dnmping-syndromo. This is in contrast to the find- 
ing of Butler and Capj^cr (Bl) who found typical symptoms during X-ray examina- 
timr in 70 % of the Billroth II rc.soctions. They never found the .syndrome after 
Billroth I resection. 

The other X-ray findings in the operated stomachs, the ty]>e of evacuation, Ihe 
estimntod volume of the gastric stum]>, the presence of a pseudo-pylorus function 
in the Billroth I stomach and the formation of an I'aftcr stomach') in the efferent 
jejunal loop after the Billroth II rc.scction, were not connected with the occurrence of 
the .syndrome. 

Tlie following is a short review and criticism of the different theories in the 
literature: 

1. 77ic sudden inreJianical distension oj the upper small intestine by the dumping 
of food is not an adequate e.xplanntion for the symptoms. For tlic following reasons 
this theor}' is not primarily the cause of the syndrome: 

a) The results of the X-ray examination mentioned above. 

b) A detailed history of the digestion shows that liquid food such as soup (wliicli 
<listcnds the small intestine all at once) was well tolerated by 95 % of the operated 
patients. 

c) A group of 9 persons with an intact ga.stro-intcstinal tract and a group of -I 
j)er.sons after partial gastrectoni}' were submitted "to an experimental distension of 
the upper small intestine hy rapidly inflating the balloon of a lilillcr- Abbott tube 
(approximate pressure of 50 ems of water on the enteric wall). 

Xonc of these persons taking part in the experiment liad any co7Jiplaints compa- 
rable to tho.se of the so-callcd •>duinping-s}Uidronic)>. 

1 he opinion of illachclla (12), like that of Kirkebey (15), which postulates that the 
mechanical distension of the small intestine is a re.su'ltof the osmotic action of hyper- 
tonic foodstuffs is not supported by the gastric findings. From operated patients 
80 glucose toler.ancc ciirves were prepared after taking 200 cc 25 % glucose or 200 cc 
25 % Iacto.se. Xonc of the patients complained after liaving takeii the concentra- 
ted sugar solution. 31ilk and porridge which arc certainly not more lij'pertonic 
nevertheless do cause complaints. 

2. I-rench investigators (IG, 17) suppose the caii.se to be greatly diminishal capacity 
of the resrekd stomach: fsyndrome dii petit estomac". 

It appears indeed that GO % of tlie operated patients cannot tolerate large meals 
The -subjective complaints however differ in the lack of vasomotor symptora.s from 



370 


X. iiellkmaxs. 


those of the so-called ^dumping syndromes. Duriiifr X-rav e\-, 
attention ^vas gn-en to the sue of the gastric stum,, fn relat o.r o^t i 
^ndml complamts in the histo..- Bet™ thoi uo statisri: 

did not notice any symptoms during the l.yperglycaemic phatof tie- duni'- 
tolerance curves in patients after gastric resection. The blood pressure arul , nil- • 
Ser subjective s^-mptoms .show no .signs of L^k 

4. Some authors (19, 20, 21) believe that almcntanj hi/poglycaemia is ro^ponsibl- 
for the syndrome. An essential difference e.x-ists between the late {wstprandial 
syndrome, the symptoms of ■which arc due to hypoglycnemia 1 '/j—S hmir.s nft.'r tli.> 
meal and the early postprandial S3'mptoms or the so-called Khimpiiw svmiromr« 
appearing immediately after food intake. Only the latter is dealt with in thi. 
article. 

The glucose tolerance curve after gastric resection show.s the form of n dac* 
curve: f. e. an early high peak, followed by a rapid fall. Table 1 .diow.s that there is 
no correlation between the intensity of the dumping syndrome and the hiqhe.-t 
and lowest values of glucose, estimating the blood sugar value, every 15 miiuit.N 
during three hours. 


Table 1 

The so-called mluinpiug syndrome^ and the highest and lowest vahir/: in the ghiro<e tnleronre 

test. 


Severity of so-civllcil dumping syndrome 


j severe 
1 slight . 
' absent 


1 Xuinljcr of 
I C.1SCS 


12 

]) 

.1 


Average of Averse of 

maximal blood mmimal t!’'-, 1 
sugar val»c sugar vala- 


: 21S mg % ' t,r, mg 

, lai mg“o r,lmg% 

ifi!) mg ®,', 07 mg 


.‘Inalj'sis of the tolerance curves after ingestion of uO gr lactose and iub cc por- 
ridge in relation to the occurrence of the enrlv postprandial syudroine showed lu. 
constant relationship between the two. 

0. Other authors (22—29) ascribe the .syndrome gastritis, especially at the site of 

the anastomosis. Experienced users of the gastroscopc find .signs of inflamriiatio.i 

in nearly every stomach after operation. The symptoms of gastritis differ hontvi r 
from those of the so-called ednmping .svmdromcs and the patients witli gastrito 

tolerate milk-foods ver}- well. . . i t 

G. Porges (30) follows on the same lines when he .speaks of the ‘jejunal syndrmm-. 
caused by postoperative jejunitis. He has also observed tiic sviuiromc m p r 
who have had no operation and who arc suffering from enteritis. ^ 

7. A disturbance in mineral metabolism is also suggested in conjunction wif.i t.;'- 

s.vndrome. Jasinski and Ott (31) consider an iron deficiency to be oiw of t he cama 

factors of the s.vndrome. In our invc.stigation, however, no connection n.u 
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li,.- i-vnij.toni^ aivi tin- pr.-'-ncc of hyj.odiroitiic aiia-'tiiia, wliidi may 
.Ir.vdop in op.'raU'.l pasi- nt- lliroimh an iron tlpficitmoy. 

Ill far* a didit liypodiromii; amminia (Sahli valu<‘ hot wt’mi 70 • h'O ',’0 ami . H. C. 
{ ■!.'> nhlltoti'; Him- for inon and rospoctivoly 00 — 70 ancl 0.;)— -I iniilions innr 
fur -.voin-n) wu'; found in hi "i, of pationt's aftor pistric ro.M’clion (179 porsons). 
(Inly or..' woman. np.-rat<'<l njion at tlm ap' of tlT. had a markod hypochromio anao- 
mia'.Sahli W R. R. C. 'J, I'iO, 000 . Hamilton Smith (.'Vi) found a dmrtaoo of pota..^- 
.siiiiii in patii'iit'! aft.T pimtr.'ftomy and supuci^ts it to hr of jmssihlt- sitinifioancr, in 
.•audn” tlm parly romplaints. This docs not. explain the findini* thivl it i.s precisely 
milkv foods, wliieli are rich in potassium, that pive ri.se to the .symjitoins. 

S. We think th.at arhlorfi^/ilrin in llie .stomach .'iftor ojieration is an imjmrtant. 
factor in the oripin of the so-called ^dumping syndrome'.. In the normal stomach 
hydrucidoric acid and pepsin, prohnhly in the form of lehferment or rennin, iiave 
a very important function in the dipe.stion of milk. In aeid media the casein of 
the milk is chanpod hy the pepsin into paracasein, and in the presence of calcium 
iom^ the j.aracasein hepins to clot. This process is callcil curdling of the milk. As n 
niie the pastric stump secretes neither pepsin nor hydrochloric acid, so that' the 
milk proteins, in part also hecansc of the increased speed of pn.ssage of the gastric 
oontents, reach the small intestine unchanged. When in infants the .stomach of the 
child i.s incajialilc of digesting the rcl.ativciy large quantities of milk, sour milk 
products are recommended. This has (ho advantage that for the neutrahV.atiou of 
the milk, no extra hydrochlorio acid is nccc.s.sary. Moreover the casein is already 
finely precipitated iicforo the food mass arrives in the stomach. Tlm.s the stomach 
is relieved, (he enteric cnr.ymcs c.an digest the. casein much better and the intestinal 
flora is favonrahly influenced. 

In the course of the inve.stigation special attention was paid to the quality of the 
milk in cases where it was not well tolerated. It appeared that ordinary cowsmilk 
e.specifllly .and whole milk porridge gave rise to symptoms. Sour milk products as 
buttermilk and yoghourt' were usually well tolerated. G7 % of ].3.v operated ulcer 
patients wi(!i tlic nclumping syndromes therefore who did not tolerate whole milk 
prodiict.s, could tolerate sour milk products very well, compared with l-l % who 
could not and 19 % who were incapable of giving an an.swer as they had not taken 
these foodstuffs after operation. 

9. A second important theory is that of enteric into.xication wliicli includes also 
that of ahmenfari/ aUcrgij. Tlirough tlic insufficicnct’ of the motor and secretory 
g.astric functions the milk proteins enter the small intestine in an unprepared 
.«tate. The latter i.s inundated with undigested milk proteins and it is probable that 
(he inte.stjnal enrymes (tryp.sin) cannot split them satisfactorily. Resorbable amino- 
acids are incompletely formed, and it is suggested that partially digested milk pro- 
teins are absorbed. The particul.ar conditions of absorption in the small intestine 
after gastric resection may give rise to sensitisation to the various food-stuffs ?. c 
milk. 

In this sen.=e tlie so-called ^dumping sjmdromc' can be considered to be an aller- 
gic phenomenon. Usually the .symptoms start 10-M days after the gastric resection, 
nbich rather favours the theory of allergic origin. Moreover, sometimes chocolate 
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and egg as well as milk are badlj- tolerated in the same wiv -n , . 

all witli the so-called dumping syndrome^ were submitted to 

ith extracts ofcocoa.oatmeal.comnourandmilk — thelattcrthreenrtirl.. <,ff 

bemg the mgred.ents of pudding and porridge which cause the so-callcd du -n . 
sjmdromo. As a control, to evaluate the skin tests, C2 voluntary patien I t n t 
ward were tested; of these none had registered any complaints t^ indicate tlm th:; 
could, not take certain foodstuffs. The ratio of the percentages of positive Ah. 
reactions in 70 operated patients with the .so-called slumping svndronlo compir, ,i‘ 
with 62 control patients was 56 : 75 for cocoa, G1 ; 2 t for oatm’eal, 39 : 23 for cam- 
flour and 50 ; 21 for milk. With the help of statistical analysi.s the differences appear 
to be significant as regards the positive results of the skin reactions for o.itme.il, 
cornflour and milk. These facts may support the view of an allergic origin of t!,r 
so-called ndumping syndromei), 

10. It is an old finding that in »ulcer diseasen the psyche plays an imjiortant role. 
Resection interferes with only one, be it important, symptom of this di^Mt.'. 
Many operated patients declared, that the complaints of the .so-called ^dimipini: 
s}Tidromei) were most troublesome when they were feeling «\vound-up< becaiis'' of 
their work. The fact that it is a general finding that frequently the syndrome i< 
not felt in hospital or during periods of rest, favours a psychical influence. 

It is known also that the psyche can influence the excitation level of the autono- 
mic nervous system. 

11. Wc now discuss the difficult problem of lability oj the antimomk nwour 
system in connection with the udumping syndromco. In all our 200 resected patient-- 
we determined the blood pressure, the pulse rate (lying and standing), the re.-;pir.i- 
tory rhj^hm, whether dermographia was present and also tested the intensity of 
the reflexes. There was however no connection between the so called Mlumping 
syndromcD and these clinical indications of a labile autonomic nervous system. Tiii* 
constitutional inferiority can however be of great importance in the development 
of allergic symptoms. 

The significance of both the latter factors is also apparent from an iuve.-; tig.it ion 
into the occurrence of ulcer sufferers in the family of the operated p.ntients. Tiii< 
suggests <-hat a constitutional factor very probably plays a part in the aetiology 
of peptic ulcer. Of the operated cases c.xhibitiiig the so-called Mlumi>mg syndronK'> 
in 63 % there were ulcer cases in the family, whilst in only 36 of the case.s ■tt it hout 
the so-called odumping syndromo) was a positive family history found. Uediftrr- 
ence is statistically significant, the chance of its being incidental is .1 n 
persons who after operation have developed the so-called Nhiinp.ng syndronv-- 
the constitutional factor is more important than in the post-oper.itne grmip 
without the so-called ^dumping syndrome*. This constitutional factor (an s i" • 
itself in the autonomic nervous system, in the psyche and the allergic sta e. 

To summarize: the coincidence of the following factors may Im re.sponsit.i 
the .so-callcd »dumping syndrome*: 

« Althouch it is kno(vn tint ..kin tel, have n 
mentnry nllcrgry, .»t-itistic.,l companion of rcult, oht.uncd Tn.\\ r K 
presence* rather thnn in /sny 
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1) the absence of pepsin (and/or renin) and bydrocbloric acid 

2) the accelerated gastric emptying 

3) the allergic condition of the gastro-intestinal tract. 

The pathogenesis of the so-called »dnmping syndromes may be summarized as 
foliorvs: 

1) The sdumping syndrome* can probably be regarded as an allergic phenom- 
enon. 

2) Partially digested milk proteins could act as antigens 

3) These may arise from the defective digestion of mi l k proteins 

4) The incomplete digestion is caused just as much by the accelerated gastric 
evacuation as by the lack of pepsin and hydrochloric acid in the gastric stump. 

It appears from the preceding considerations that the so-called »dumping syn- 
drome* may be a result of the changed motor and secretory functions of the gastro- 
intestinal tract, follouring gastric resection. The ^dumping syndrome* must be 
accepted as an inevitable post-operative foUovring in most cases. A Bilboth I 
resection gives the least chance of the symptom complex and in this operation 
also, the severity of the complaints is less than after a Billroth II resection. 

Treatment is usually not necessary as the complaints are so slight in most cases 
that the patient does not consult a doctor. As a rule the patient learns to prevent 
the symptoms by avoiding the foods he cannot tolerate. 

The folloiring scheme of treatment is recommended: 

1) Avoidance of foods mhich may give rise to symptoms. This usually means 
■whole milk foods. 

2) Eeplacement of these foods by sour milk products. 

3) The assumption of a recumbent position on the appearance of the symptoms. 

4) Should the above-mentioned suggestions fail to give relief, anti-aUergic ther- 
apy can be considered: 

5) "VlTiere the symptoms are very serious another laparotomy should be consid- 
ered in order to change the Billroth II into a Billroth I anastomosis. (Bohmans- 
son (33).) 

Sum ni ary. 

In order to analyse the early postprandial complaints of patients 'who have 
■undergone a partial gastric resection, a foUour-up examination was made 5 or more 
years after the operation. The so-called »dumping syndrome* occurred in 65 % 
of the 100 patients after Billroth I operation and in 88 % of the 100 patients after 
Billroth II operation. lYhole milk food especial]y(milk porridge, milk pudding) seemed 
to cause the Sjmdrome, ■while conversely sour milk products were well tolerated. 

The different theories of the aetiology of the syndrome are discussed in the 
preceding paper. No support is given to the theory of the sudden mechanical 
distension of the upper small intestine giving rise to the sdumping syndrome*, 
t is felt that hypofunction of the operated stomach: achlorhydria and accelerated 
gastric emptying may be responsible for the disturbed digestion of proteins. 

Fmally the syndrome maybe considered as a manifestation of alimentary allergy. 
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Die Exspiratioiiskiirve dcr Yitalkapazitat, ilive AiiSAvertiiiig 

iind Verweiidniis;. 

Von 

K. KADLEO and J. VYSKOCIL. 

Brno 

(Bei der Kedaktion am 12. Oktober 1953 eingegangen.) 

Die Messung der Yitalkapazitat (VK) isfc eine der altesten Metkoden, die zur 
Begutaohtung der meckaniscken. Ventilationsicrafte gebrauckt wird. Duxck Aus- 
wertung des zeitlicken Yerlaufes der forcierten Ausatmung der VK wild diese 
emfache Methode viel brauchbarer, da man die Ausatmungskrafte der Lunge 
dynamiscb auswerten kann. Es ist ganz klar, dass je grosser die VK ist und je 
kiirzer die Zeit, die zu ibrer Ausatmung notig ist, desto besser ist die mecbaniscbe 
Funkiion der Lungen. Eine kleine VK, die nur langsam ausgeatmet werden kann, 
ist ein Zeichen, im Gegenteil, einer scMecbten Funlrtion. Nacb diesen Grund- 
siitzen werden auch andere Lungenfunktionspiufungen, wie z. B. die Messung 
des Maximaleuminutenvolumen, der Atmungsreserve und der Spiromanometrie 
ausgearbeitet, Alle diese Methoden vermissen aber die Moglichkeit einer Kon- 
trolle, sind wenig objektiv, so wie die allgemeine Messung der VK. 

Unsere neue einfache Methode begutachtet zwar nur die Ausatmungskrafte der 
Atmungsorgane, dies ist aber kein grosser Nachteil, da beinahe alle Erlrrankungen, 
die die mechanischen Ventilationsfunktionen benachteiligen, die Exspirations- 
krafte mehr als die Inspiration befallen. Auch Eaither (1), der die Kurven bei 
Atmung der VK im gescblossenen System begutachtet, sah, dass in pathologischen 
Fallen immer mehr die Exspiration als die Inspiration befallen ist. 

Das von uns benutzte Instrument besteht aus einem iiblich gebrauchten Hut- 
chinsonschen Spirometer mit mogliehst leichten beweglichen Teilen, die mit einer 
Eegistrationsvorrichtung eines mechanischen Kymographen verbunden sind, so 
dass man bei Ausatmung der VK eine Kurve auf dem Kymographen schreiben 
kann. Das Papier des Kymographen bewegt sich mit einer Geschwindigkeit von 55 
mm/Sek., so dass man leicht auch 1/10 Sek. ablesen kann (Abb. No. 1): Die unter- 
suchte Person vordert man auf womoglich tief einzuatmen und bei geschlossener 
Nase (mit der iiblichen Klammer) alle Luft womoglich schnell in den Spirometer 
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• 2 U Wasen. Der Grossteil der Untersucliten bcgrcifcn dic.s ohn 

Instridvtage mit mebrereti Veraiclien notJr li ' , 
ITillen des TJntersuchten sind dann zwei mit kurzor Pau.ce r.ac}fcunr.i^’ c”' 
sckriebene lYurven volhg identisch. Dadurch konnen ^rir nueh jeglicl.. 3imld-, 
ausscUicssen. Durch Eigenversuchc haben B-ir tins iibcr:'ou4 ' da<^, r. .V 
^cbtlicb gebemmter Atmung nicbt gdingt awei I'dentiscbc Knrvrn schr.ib'C 
Die Ausatmungskurve ist fur einzelnc Personcn clmrnkterisiisrli timi imh-n f-'b 
Jange Zeit mcht, zuwcilen cs zu keincr Amlcning der mcrbanifoheii Lnn-,',-' 
lunktion komrat. Dicse Methodc eignet sich dariim zu Bcgufnchtun;.'sr.wr(d%-i 
denn bei diesen Eiillcn miissen wir mit cincr Psychose, Simulation odor Apcr.tv;,. 
tion, rcchnen. 

^ Bei Vergleiclmngen tinserer Kurven der ausgeatnietcn YK mit ntidcrpn Funk- 
tionspriifungen und dem klinisclicn Bildc der Untersiicbteii sajira wir, dne^ feir 
die Ausmertung nicbt nur die Hohe der Kurve und die Aiisatmunpszeit, sondf-n 
aucb ihre Eorm von grosser Bedcutung ist. Bei gesunden Personeii bek.'ititon «ir 
Kurven, die steil und bis zu 2/3 der VK in cincr geraden Linic vcrkufrn. Er-' 
nacb der Ausafcmung von 2/3 der VK beginnt die SchnclHgkcil des Ltiftstroiiir- 
abzufallcn und die Kurve rundet sich ab, errcicht aucb ibr Ende mit ciiiein wcjt 
milderen Gcfiille als am Anfang (Abb. Ko. 2). Da das Endo dor Kurve mci'tP!.' 
durcb Expression mit Hilfe der Baucbmusculatur deformiert ist, ist es mdglich, 
bei ibrer Auswertung nur ibren Anfang zu beinitzcn. Die Kurve ist an ihrrm 
Ende aucb bei gesunden muskuUitcu Personen cnorm protrabiert. 

Bei Anderungon im Lungonparenclij'm und in den Euftwegen undert sidi 
die Form dor Kurve, mcist, v?ic vrir tveiter zeigen tvollen, in eincr gnnz tjpiu-iirn 
Weise. Inderungeu der Elastizitat des Lungcnpnrencliyms der Atmungsnm4:n- 
latur, der Beweglicbkeib des Brustkorbes (im Sinne cincr cntstoiicudeu Kiciditru) 
so vie aucb Hindernisse, die der ausgeatmeten Luft in den Luftwegon iin BrZ'' 
steben, macben sicb mcist in dcr Form der Ausatmungskurve der VK ebatnV.- 
teristiseb kennbar. Je naebdem, 'wic weit dicse Komponenten dcr inccbani'clien 
Atmung angegriffen sind, kommt cs zu cincr gcringeren odcr starkcren ^ crlanz- 
samung des Atmungsluftstromes. 

Bei einem Empbysem, tvelcbes durch Vorlust an Elastizitat des Lungengeae » - 
ebarakterisiert ist, tvo die Ausatmungskrufte aucli nocb durch cincn ngi'tn 
Brustkorb beeintraebtigt sind, ist die Ausatmungsk-urve der VK fcbon an d*r«i‘ 
Anfang flacb und verlicrt in ibrem vciteren Ablaufc immer norh nn 
(Abb No. 3 und *1). Bei ubenviegender Bronchitis, wo das Lungcnparcncb.,ia 
nocb nicbt gesebiidigt ist, die Luftwegc aber ctwas eingeengt smd, man 

an der Atmungsknirvc einc Vcrlangsamung^des Atmungsbifutro^^ 

Kriimmung dec Kurve liegt niedriger (Abb. ^o. o). Bci , 

_ -r.. — n ablaufcnde Kurven. mit klemcr Ausatmun.,-'gt.- 


tvir oft trellcnartig 


ctliodc dpr Kurv<’ 


Dicse Erfabrungou fiibrten tins zu folgendcr 
tvelcbe nacb der angefubrten Formel cinen Index der IK - . . 

unter Ivk): 


Ivk 


VK 

- p ~^pyK 
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VK = Vitalkapazitafc iu Liter 
p = Korperoberflache in m" 

pVK = so genannte partielle Vitalkapazitat in Liter, d. h. jene Menge der aus- 
geatmeten Luft, die die untersuchte Person von Anfang der Ausatmung 
mit gleicher Schnelligkeit ausatmet. Praktisch ist das jener Teil der 
Ausatmungskurve, velcher in einer geraden Linie verliiuft 
t = die Zeit in Sek., die zur Ausatmung eines Liters der VK gebraucht wird. 

Den Wert der pVK (partielle Vitalkapazitat) lesen wir von der Kiuve so ab, 
dass vir von der Abscisse duicb die Kurve von Anfang eine gerade Linie ziehen 
und dort, vo die Kurve von dieser Geraden abweicbt, endet dann die pVK. Ein 
Beispiel des Ablesens der zur Berecbnung des Indexes der VK notigen Werte 
bringt die Abb. Ko. 2. 

Bei Berecbnung des Kk ist es aucb auf die Kbrperoberflacbe Riicksicbt zu 
nebmen um individuelle Scbwankungen der Konstitution womogliob auszuscbal- 
ten. Der numeriscbe Wert des Indexes ist grosser, je grosser die korrigierte VK 
und je kleiner das Verbaltnis VK/pVK und kiirzer die Zeit »t» ist. Je grosser der 
IvK, desto besser die Funktion der mecbaniscben Ventilation der Lunge. 

Rocbe und Tbivollet (2) beniitzen zur Begutacbtung der Lungenfunktion eine 
abnlicbe Metbode; zur Auswertung beniitzen sie aber nur die Litrage der VK, 
welcbe in einer Sekunde ausgeatmet werden kann. Durch die ebenangefiibrte 
matbematiscbe Auswertung erreicben wir aber eine feinere Differentiation der 
verschiedenen Eormen der Ausatmungskurven (Abb. No. C). Beide Kurven, A 
und B, stellen eine gleicbe VK vor, welcbe aber auf verscbiedene Art erreicbt 
wird. Durcb die Auswertung nach Rocbe und Tbivollet sind die mecbaniscben 
Lungenfunktionen beider Versucbspersonen nacb deren Kurven A und B gleicb- 
wertig. Nacb unserer Auswertung finden wir aber bei der Kurve A einen Index 
IvK — bei der Kurve B gleicbt der ly^ = + 0.4. Wir betracbten danacb 
die Lungenfunktion der Versucbsperson A mebr bescbranlct als die der Person B; 
dies stimmt aucb mit unseren patbopbysiologiscben Vorstellungen iiberein, welcbe 
uns die Praxis mit dieser Metbode und Begutacbtungen der Kurven gezeigt bat. 
Die Kurve A zeigt ein Bild von Verlust an Blastizitat des Lungengewebes im 
Sinne eines Empbysems, das Bild B ein Hindernis in den grosseren Luftwegen. 
Es ist aucb bestiinmt ein Verlust an Blastizitat des Lungengewebes, welcbes 
eine irreversibile Anderung des Lungenparencbyms vorstelit, als ein ernsterer 
Gesundbeitsscbaden zu betracbten, als z. B. eine Bronchitis. W^eiter wollen wir 
nocb bemerken, dass bei einer Auswertung nacb Eocbe und Tbivollet jener Teil 
des Ausatmungsmecbanismus, welcber jenseits der ersten Sekunde liegt, nicbt 
beriicksicbtigt wird. 

Um sicb besser orientieren zu konnen, bestimmten wir die Normalwerte durcb 
Untersucbung 56 kbniscb gesunder Personen in einem Durcbscbnittsalter von 
46 ± 10. Das aritmetiscbe Mittel des lyjc ist bei dieser Norm + 2.0 (cr = ± 0.46). 
Wenn wir zur Abgrenzung der Normalwerte 2 u, wie iiblicb, gebraucben und 
den Vert des berecbneten u von 0.46 auf 0.5 abrunden, miissen wir Werte des 
ivK + LO bis + 3.0 als normal betracbten. Werte iiber + 3.0 sehen wir 
dann bei Sportlern und abnormal entwickelten Menscben. 
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Durcli Untersuchuii" von 1 300 i i 

(- -r -.0) im Durchschnittsalter von -15 .Tnhrcn nls ricl.ti.. fi,„ion «; . ~ 
oben anfuhrten. '' «■'' "'sr r.-:,:, 

Bei 20- bis 25-jiihrigen fandon \y\r cincn I.-k von 2.r. bei nT,. 1.;- fo ■, 
war der Index gleich 0 8. Bis zu dcm Alter von .Jo .Tai,rcn ver.-chlinmi-'rt'^-!! 
der Index nach funf Jahren im Durcliscbnitfc urn uiigefahr O.in. iukIi lb .T.d -.n 
fiel der Index steiler nb und zwar in funfjriiirigcn Intervallcn utn ein-n Ihn-l'- 
schnittswert von ungcffihr O.-l. 

II. Die Brauchbarkeifc diescr Mctliodc wollen wir an einigen Ik.iypirl.n d-i 
Lesern prascnticrcn. ‘ 

Gute Dienste erwies uns die.se Mctliode bei Entsdiadigung von .Sfanbiiin-.-,:;. 
crkranknngen der Berglcutc, denn die Hobo der Ilcnte riclitct Imi nl-M 
kompiizierten Formen der Siliko.se niclit nur nacli dein klinkclicn Bild, 
aucli nach der Bceintrachtigung der Lnngenfnnktion. Wie wir oben atie.-fulirt 
haben, isfc ein Biiichschnitt des Ivk bei Untertagsarbeitcrn init nogativcm bunj. a- 
rontgenogramm (die abcr eine Rente crhaltcn) gleich 1.8, bei einer Onipie’H.it 
dem Rontgenbild einer silikotLschen Reticulation (Anfangfi.stndium) l.ti, li.-i 
kleinnodularer Form von Silikosc + 0.7 und bei kompliziorfer Siiiko?e a- n,o. 

Durch statistische Auswertung nach Fishers »t» Te.st kaim man alle angefiihrter; 
Gruppcn mit dicscr j\Icthodc von der Gruppe niit normalcin Rontgenogramm mvl 
auch untcreinander bei gleichom biologischen Alter differenzieren. 

Die Jlcthode des Maximalenminutonvolutncn (MMV) und die der Bestitntmmj 
der Atmungsreservc konnten die oben angcfiihrtcn Gruppcn nichf differenzitre!). 
Bei wiederholten Untersucliungen zcigte .sicli, da.ss die Methode des !;> viil 
komstantere Rcsultatc als anderc Methoden gibt (Rcjsek, 0). 

Bei Untersuchung von Zcmentfabrikarbcitorn, die an .‘itaubgefrihrdeten .Arleii-- 
platzen liinger als sieben Jahren arbeiten, konnten vir bei einer Grui)!i‘' mi; 
klinisch normalem Lungenbefund das aritnieti.schc Mittcl de.s Rk gh'ieh -f- I-'" 
linden. Bei Bronchitikern betrug dies -f 0.8 und bei Arbcitern mit bung' .'.- 
emphysem = — 0.3. 

Die Exspirationslcurvc der Vitalkapazitat andert sieh auch dtirrh Kr>i-!.vif- 
erkrankungen, welche mit einer Lungcn.stauung bcglcitet^ sind. Einer von ur:' {-») 
konnte zeigen, wie man cine Kompcn.sation bei kardiotoni.scher behandlunj. durc^,. 
diese i\Iethode gut verfolgen kann. Be.^onders bei .schwcrcrdekoinp''nMort<.r Mjtr.d- 
stennose mit grosscrer Stauung im klcincn Kreislauf vcrbe.-,-erte .'ieh d* r m 
der Vitalkapazitat wahrend erfolgrcichcr kardiotonischer Bclmndlung erla b.)-.:. 
im Durchschnitt von — 1.5 auf -f O.l. In zwei Fallen kardiotoni-rleT Belmmilerr 
konnten wir mit Hilfe de.s Ivk cine Abnahmc der Lungemtauung und 
Bcs.serung der mcchanischen Lungenfunktion fe.st.stellen, troiZ< >m . ' ^ i 

kapazitrit' gleich blieb (siehe Abb. Xo. 7 und S). Es zcigte sieh da- ’ 

Zustand der Stauung.'^lungc viel be.^er nachwci.st, als die. blo.-e >h--ut!^.nr ^ 
kapazitiit. Bei kompen.sicrtcr und dekompensierter .MitralmMifnzu-nz 
im Durchsclinitt hoherc Vertc des Ivk- Raticnt mit 'bknnip n i . ^ ^ ^ ^ ^ 
insuffizienz be.sscrtc seinen Ivk wahrend der kardiotoni-r mn 
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--2.7 auf -1- 0.25. Nacli zwei Monaten kam er wieder vollig dckompensierfc ins 
Krankenliaus. Die Anfangswerte des Ivk ’^aren gleick wie zum erstenmale; er er- 
reiclite wieder bei cifolgreicli beendeter kardiotoniscber Kur einen I^k von -f 0.25. 
Die Kurven ivaren in alien Pliasen der Bebandlung bei der ersten und zweiteii 
Kur gleicb (siebe Abb. No. 9). 

Auch bei Bebandlung von Herzmuskelscbaden mit aktiven Herzglykosiden 
koimteu wir eine Besserung des lyyi im Duxcbscbnitt um 0.37 feststellen. 

Die niedrigsten Werte des Ivk saben wir bei dekompensiertem cor pulmonale 
cbronicum. Hier muss man ausser der Stauung im kleinen Kreislauf aucb die 
patbologiscben Veriinderungen im Lungenparencbym selbst in Becbnung zieben. 
Der Durcbscbnittsu'ert bei dieser Gruppe war — 8.7. Bei einer Kompensation 
wuchsen die Werte des Ivk enorm, im Durcbscbnitt um 6.5. Die Norm der Knrve 
macht uns aufmerksam, dass es bier nicbt nur um den kleinen Kreislauf, sonderii 
aucb um den Lungenparencbym selbst gebt. Besonders typiscb sind die Kurven 
der Bmpbysematilcer. Die Abb. No. 10 zeigb die Kurve eines Patienten mit de- 
kompensiertem arteriosklerotiscbera Herzmuskelscbaden, eine andere eines Em- 
pbysematikers mit cor pulmonale. Beide Eiille weisen eine gleicbe VK auf, docb 
ist der Ivk ^^i dem zweiten Fall weit scblecbter, denn die Kurve kriimmt sicb 
scbon an ibrem Anfang, Dies weist aucb auf ein schweres Emphysem bin. 

Sehr gute Dienste leistet diese Metbode aucb bei der Diagnostik eines Broncbial- 
spasmus. Wir nebmen hier zwei Untersucbungen vor: die erste vor, die zweite 
nacb einer lubalation von einem broncbodilatatoriscben Aerosol. Es ist zweck- 
massig diese Untersucbungen auch nacb therapeutischer Aerosolbebandlung zu 
wiederbolen. So kann man leicbt die Erfolge, die uns die Patienten freudig melden, 
auf das Papier des Kymograpben bringen (siebe Abb. No. 11). Man kann aucb 
mit dieser Metbode die sicb steigernde Leistung des Atmungssystems bei Sportlern, 
die sicb einem Training unterzieben, verfolgen. Auch konnte man mit dem Ivk 
die Besserung bei einer Metbyltbiouracilbebandlung bei Hj'pertbyreosen nacb- 
iveisen. 

Zum Scbluss wollen wir nocb bemerken, dass die Metbode der Exspirations- 
kurve der Vitalkapazitiit bei Untersucbungen aller obeu angefiibrten patbo- 
logiscben Zustiinde gute Dienste leistet und braucbbarer als andere Lungen- 
funlctionspriifungen ist, denn sie ist einerseits einfacb und schnell, belastet minimal 
den Patienten, andererseits informiert sie den Arzt geniigend iiber das mecba- 
niscbe Ventilationsvermdgen des Untersucbten. 


Summary. 

A method of registering graphically the' vital capacity has been worked 
out. The resulting curves are evaluated by the index Ivk calculated from the 
values read from the curve and the body surface area. For a group of healthy 
persons of an average age of 46 years an index Ivk = 2.0 ± 0.5 (1 a) was es- 
tebbshed. The method was statistically evaluated by measurements conducted 
sihcosis accompanied by simple bronchitis, and cement workers 
^th bronchitis and emphysema, and is considered better than other spirometric 
and spirographic methods. It is also useful in eliminating intentional distortion 
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of the results in persons with indemnity claims. Clinically it is well suite ! r.* 
diagnostic method. Cardiac compensation treatment, patients recovering ftur, 
bronchitis and cases of to.xic struma can well he followed by this method. 
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Abb. Xo. 4. Ausatmungsknrvc <lcr VK bci cincm Fclivvcrm Kmjjhy5cra. M. 11., iw J.. b-'; err, V>\:. 
cmpbyRcma pulm. Ivk “ — 4.0. 



Abb. No. 5. Ausatmongskun-c dor VK bronebiti^cben Cbaraktcr.. .M. K.. 50 .b, 1(5 rm, f J V 
bronchitis ebron. IvK — -f 0-8. 



, I. _ 0 I. Krklininc Hchc im Tf^t. 

Abb. No. G. Ivk dor Kurre 0 - O.O; Ivk dcr 


’• ^3r:i»rs-r"”S: 

Tor'ohinir.d'Ti. I'O ' • 


Nnch DidUliM'-run^. Or-lom-' 


i;rT,^Won Cnlor.ochnn.cn bloib. .-n.!- gWein 
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Abb. No. 8. J. M., stenosis vniv. mitr., fibrillntio atriorum. 46 J., 162/87. 

I. 15.3.1951. Mit Digitalis iiberdosiert, seUwero Lungenstauung, IvK = —1.5. 

II. 19.3.1951. Nnch Bettrulic, Koffein, CardiopbylUn. Ivk = — 0.9. 

VK boi beiden Untcrsuchnngcn gleich. 



Abb. No. 9. J. §., ins. valv. mitr., 21 J., 169/59. 

I. 18.11.1950. Ascites, Oedeme der unteren Extremitiiten, Ivk = — 2.7. 

II. 13.12.1950. Nach Strophantin und Digitalis Kur kompensiert. Ivk = + 0.25. 




Abb. No. 10. 


7 T dccomp. 69 J., 167/84. Ivk ~ — 0 9 
11. A- I., cor pulmonale decomp, 54 J., 160/56. Ivk = —3 7 

ist die VK gleieh gross, die Kurve No. II veist aber 
emen medngeren Ivk aus, es bandelt sich bier „m ein begleitendes EmphysTt^. 
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•Abb. No. 11. V. S. asthma bronchiatc, 53 J., 153'45. 

I. Atmungabcschwcrdcn, ohno AnfnII, vor Inhalation IvK - ft.'-’. 

II. Nach cincr Inhalation von 2 com Bronchnliycirin, olin>- Iif>c!i»ft>!^n. hr. 
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The llyperophtlialinopatliic Type of Graves’ Disease. 

19 cases treated with pituitary and orbital roentgen irradiation. 

By 

PER-OIiOF GEDDA .and MARTIN LINDGREN. 

(Submitted for publication November 2, 1953.) 


The clinical picture of Graves’ disease is capable of wide variation. This was 
realized ns long ago as 1782 by Parry and stressed by Graves in 1836. Thus, the 
ocular disturbances may be slight or absent in one case and prominent in another. 
One of the first to describe a case of Graves’ disease with exophthalmos (with corneal 
destruction) severe enough to require bilateral enucleation was Lorenz; (1867). 
Associated exophthalmos with corneal destruction was also reported in a case 
described by von Basedow (1840). Dobyns (1950), who perused all relevant litera- 
ture available, traced 95 cases of Graves’ disease \vith severe ocular changes, in- 
cluding corneal ulceration. 

On the basis of a life-long study of the clinical manifestations of Graves’ disease 
Means (1945) recognised three types of the affection: 

1. thyrotoxicosis without ophthalmopathy, 

2. thjT:otoxicosis with ophthalmopathy (classic type of Graves’ disease), 

3. hj'perophthalmopathic tj’pe wdth hyper-, eu- or hypo-thjnroid function. 


Ocular Changes. 

The clinical picture of the classical form of Graves’ disease includes eye changes, 
which produce no symptoms. On the other hand, in the hyperophthalmopathic 
form the ocular disturbances most often are dominant and more or less trouble- 
some. 

The ocular manifestations occurring in these two forms of the disease are summa- 
rized in Table 1. (Partly according to Means). 

The widened rima in the classical form of Graves’ disease conveys the impression 
of true exophthalmos, i. e. protrusion of the bulb. Such protrusion is, however, only 
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Tnlilo j. 

I^yc signs 111 6Voit.s’ d\scn?^c. 


Eye signs associated avitli classic typo of Graves’ ' Fvt> 
Uiscaso- . 


i’ , Eye signs a«.soci.i(„! „ith i -.s'- , 

p.'ithic tyjv* fjf drnvei’ 

! stare a nd tension of mnscnlature aro.,nJ eyes. ■ l^^'fdnraal di^pUcens^nt et n c 1 


Lid retraction. 
. Lid lag. 

; Globe lag. 


j Gritty rensation in cyc'. 
I I-acrymatinn. 
j I’hotopliobia. 

i Cliemosis. 


^'wbtb^" ‘■'‘''^^tcristic folds, I linigine of tbo li.l.'e.ry^iallv st',.,n 

^hich nrc exaggerated by weight 1 > \ ) ^ 




j rctrolmlhar f^. 


Soft cushion effect when pressure applied to j Resistance nhen nr.-,s„re at.t.lict 1.7,. -'i- 
glnl>es. Orbital tension not abnormally in- i glolai lacknard. Orbit.i! ten-i'm i.f-c 
crcascil. cn-ascsi. 


' Little if any extra-ocular ncakness; no diplopia. | Often extra-ociilar niii-cle uraVur^s erpinl. 

■ ysis; frequently dijili.pi.a. 


itpparent and is due to increased tone of the sympathetic-innervnted 
musculature of the eyelids. This increase in tone i.s c.xplnined hy the inmns"! 
amount of circulating thjToid hormone and consequent adrenalin-.serisitiratinti of 
such smooth muscle. The presence of such .scn.=itizntion is readily demo!i‘tMt'.! 
by Loetri’s test. 


Pafliology. 

In the hyperophthalmopathic type of the disease the patient 1ms true e.tojilitli.i!- 
mos due to retrobulbar changes and not, as formerly l)clie\r<h to itirrea'c'! tot.- 
of the sympathetic-innervated smooth circular fibers {Miilier’s nni=el,.) .ami of 
the smooth muscle of tlic fascia btilbi. The morbid anatomy of tlie orbits luis f. 
described by many workers in this field (Foster Moore ]!L’0, Xaff/iger iWl iit.i 
193.3, Smclser 1937 and Mulvanj' 1913). 

It is now generally agreed tliat the initial changes consist of incre.-isi.,! retTnbulbir 
prcs.surc due to oedema of the retrobulbar fat, of the connective ti'^ue and of ti;<- 
extrinsic muscles of the eye, and infiltration of round cells, e.sjiceinHy Imiijiho .y 
round the ves.sels. The liistologic picture resembles that of chronie inflaimf..!'!''... 
The oedema and cellular infiltration are .somctime.s so severe to ia«'-“ s -• ' 

of the eyeballs, conjunctivitis, keratitisandpapilloedcmaendingin panophtb.v, cu- 
tis. If the retrobulbar process is less fulminant, gradual orpniiir.atum and u'a-t.- 
nation may occur at the site of the retrobulbar changes. Tin- t.mt 

longer the c.vophthalinos renmin.s untre.ate<l the greater the ri-l. o 
jurv due to scar formation. On the other hand, cumulative evuh nto ‘ ’ I 

the luijerophfhalmopathic t}-])e of the disease cmtihe.al.spontan' mi'. > 
pletc or partial di.sapp earn nee of the ocular disturbances. ( ' 
fOFsibIr to f redid the. course of the eye chnnyr.K. 


the HYTEBOEIITHALMOPATHIC TYPE OF GRAVIES DISEASE. 

Aetiology. 
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The e.Yistencc of a functional relnfionship between the anterior lobe of the 
pituitary and the tlnToid gland has long been laiown. Eeinoval of the pituitary of 
experimental animals is followed by atrophy of the thjToid, while extirpation of 
the thjToid causes hypertrophy of the anterior lobe of the pituitary. Feeding with 
thyroid extract — even in large doses — has never been known to produce true 
exophthalmos in animiils or in man. In 1930 Locb A. Bassett shoived in guinea-pigs 
that injections of anterior h}'pophysenl extract is capable of stimulating the 
th}Toid, wliich becomes large and hyperactive. The first to produce exophthalmos 
in" animals by the injection of anterior h}T>ophyseal extract was >Schockacrt 
(1932). Soon afterwards Loeb & Friedmann (1*932) showed that the administration 
of this extract to experimental animals is also capable of causing hyperplasia of the 
th}’Toid, h}'pcrthyroidism and exophthalmos. 

In 1932 Marine & Rosen reported that exophthalmos can be produced quicker 
in thj’Toidectoinizcd animals. AVhether hyperplasia of the th)moid and exophthalmos 
are caused by one and the same agent, namely the thyrotrophic hormone of the 
anterior pituitary, or by two chemically similar principles, is a point on which no 
general agreement has been reached (Friedgood, 1911). In 1937 Smelser pointed 
out the striking similarity between the orbital changes in experimental and clinical 
c-xophthalmos. In both cases orbital oedema is prominent. Paulson (1937) reported 
an appreciable increase in the water content of the orbital tissue in experimental 
exophthalmos. A reasonable explanation of this increase in interstitial fluid has 
been offered by Ludwig, Boas A Soffer (1950) and by Asboe-Hansen & Kurt 
Iversen (1951). Using special histocheinical methods they demonstrated an accu- 
mulation of mucopolysaccharides, especially hyaluronic acid, in the orbital tissue 
of animals with experimental c.xophthalmos. As this substance is capable of bind- 
ing large amounts of water, its presence can explain the swelling of the loose 
orbital tissue. It appears that orbital tissue from human beings with the hyper- 
ophthalmopathic t)q3e of Graves’ disease has not been studied for such substances. - 


However, an accumulation of hyaluronidase-sensitive, acid mucopolysaccharide has 
been demonstrated in the skeletal muscle of patients with this type of disease 
(iVsboe-Hanscii & Kurt Iversen, 1951). 

Increased urinary excretion of thyrotrophic hormone by patients with the type 
of disease imder discussion has often been reported. 

In 1944 De Robertis & Del Conte described a method for determining the amount 
of th}Totrophic hormone in the blood. They found the blood level of the thyroid 
stimulating hormone (TSH) to be elevated in the presence of the hyperophthalmo- 
pathic type of Graves’ disease (4 cases), but depressed in the classical type (4 
cases). In 1949 D’Angelo & Gordon using tadpoles devised a method for deter- 
mining both the TSH and the th}Toid hormone in the blood and confirmed the find- 
mgs made by De Robertis A Del Conte. Robert Wichmann (1952), who used a 
modification of the lastmentioned method, studied the level of the TSH in the 
Mood. He found it to be elevated in the hyperophthalmopathic type (11 out of 12 
cases) but not in the classical type (5 cases). 
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Observations made at neurosurgical operations strongly sn<>ee.* tl v K-, 
physeal changes play a prominent causative role in the ocuh'ir (liMurlii,, ', 
™tion .iUi the hyperophthalmopathic tjpe of Gm;;?!;- 
(193 0 R as the first to report a beneficial effect of division of the lnpophv<, nl <> ^l' 
and dcskuct.on of the anterior lobe of the pituitary with electroco;:.,,!.!! i.'..; \v! ^ 
reviewed . years later the patient was still free from eye symptonis^taMun'....; <• 
Gardner (1940) reported excellent results in another cnee that thev had fn!In«, i is'-, 
for 5 years. JlcCullagh (194G) reported 2 cases treated with unilateral rratrmt-'p v 
and electrocoagulation of the anterior lobe of the pituitary. In three 'J tr.- v- 
inent had the desired effect on both eyes, but the improvement wn« nttemh d l,v 
signs of hypophj'seal insufficiency. In one of the patients the insiiffiriem-y w.v 
severe with associated testicular atrophy, impotence, dccrca.«c(l urinary conaih, 
phin and 17-kctostcroids as well ns signs of hj-poglvcacmia. 

Evidence available thus suggests that increased produrtion of thyrotroghi’- 
hormone is capable of causing the hy-pcrophthalmopathic type of GraviV di*^^'/'. 

Most cases of progressive exophthalmos have appeared after thyroideetoinv. 
A probable explanation of this was offered by Ilaw.son (1918), who showed th'a*. 
the thyrotrophic hormone is inactivated by thyroid tissue, luartivntion 
greatest with thyroid tissue changed by diffuse thyrotoxicosis. This ,«ui.ve't' 
the conclusion that in all cases in which thyrotoxicosis is of central ori/jin (h'jiopbj- 
sis, hypothalamus), an active attack on the thyroid involves the rick oj priejri-<<i<:c 
exophthalmos. This applies not only to thyroidectomy, but also to thiour.acil thera- 
py and treatment with radioactive iodine compounds, Ample evidence i“ avnihiMe 
of the occurrence of progressive exophthalnios following .such therapeutic mcao.ir- -, 

Several voices have been raised against the ns.sumption that the ha'j.erophthalui'*- 
pathic tjTic of Graves’ disease is due to ovcqiroduction of the thyrotrojilh- 
liormone, it being objected that if this were so, it would I.e difficult to ex- 
plain the rarity of progressive exophthalmos in patients with my.va'denn. If 
it were possible to trace the primary cause of this disease to the thymifl vith 
certainty, this objection would be justified, because then decreased thyroid nrtiuti 
would imply an increased production of (hjTOtrophic hormone. But in nio-t i.o'-' 
of spontaneous niyxoedenia it is not possible to trace the site of the primary r,.UMl 
factor. If the disease were of hj-pophyseal or hypothalamic origin, oim mid! 
exmect decreased production of tlnTotrophic hormone and cou'^aquently no ondir 
di.sturbance-s. With this in mind Do Robertis (1918) studied the level of tlm thyro- 
trophic hormone in the blood of patients with myxoedema and noted that it 
elevated in some but depressed in others. A case of spontaneous m.«o.<hm,-i m.,* 
ocular disturbances of the t\'pe uiuler consideration (Ca?e 2 ^ 0 . * 

is described in a later section. 


General Reniark.s and Mnlorlnl. 

In a case of Graves’ disease with extremely malignant cxoidithalnim- ' ' 

vision, roentgen therapy produced an excellent result. It t n 
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spouse of the condition that prompted us to focus our attention on the ocular symp- 
toms of the disease under consideration. 

The present series consists of 1ft cases of the hj-perophthalmopnthic type of 
Graves’ disease treated some time hetween April 1950 and August 1952, 

The differential diagnosis was based mahdy on the ocular manifestations. In 
this connection it might be useful to point out that the ocular phenomena of the 
classical type of th}’TOtoxicosis usually arc readily distinguished from those of the 
hj-perophthalmopathic type (Table 1). All of the patients were submitted to- 

Table 2. 


Affc- anil Sex-distribidion. 


Ago in years 

Number of 
men 

Number of 
women 

All cases 

20—30 

, 

1 

2 

31—10 

1 

3 

4 

41-50 

1 

3 

4 

51-450 

3 

3 

6 

61—70 

1 

2 

3 

Total 

7 

12 

19 


ophthalmologic examination including measurement of the degree of any exophthal- 
mos by means of Hertel’s exophthalmometer. The normal range of variation of 
these values is wide. Thus Knudtzon (1949), who studied a large series of healthy 
persons, found the values to vary between 11 mm and 24 mm in men and between 
12 mnr and 22 mm in women with an overall average of about 17 mm. Knudtzon 
also suggested that values of more than 22 mm should be considered pathologic. 
This does not, however, exclude the possibility of exophthalmos before such a- 
critical level is reached; therefore a single determination is not always conclusive. 
From 1951 oiiwavds we also used an orbitonoraeter of the type described by Coo- 
per (1948). IVith this apparatus it is possible to measure both the degree of ex- 
ophthalmos and the retrobulbar pressure. In his series of the classical type of Graves 
disease Cooper found that the orbital tension was not increased. In his series of the 
hj-perophthalmopathic type of Graves’ disease, however, retrobulbar tension was 
usually increased. This in combination with the other ocular disturbances in these 
patients is also a useful sign for differentiation from the classical type. It should,, 
however, be mentioned that in some of our cases the retrobulbar tension was normal 
depitc a clear-cut clinical picture of the hyperophthalmopathic type. It may prob- 
ably be assumed that retrobulbar pressure is not increased until the bulb can nO' 
longer be extruded, after which increased pressure may cause venous stasis with 
the risk of subsequent malignant e.xophthalmos. 

In the present series no determination were made of the level of the thyrotrophic 
hormone in the blood or in the urine. (A simple procedure for routine cHnical de- 
ter^nation of the thyrotrophic hormone in the blood or urine is stiU badly needed.) 

More than half of our patients (11 out of 19) had earlier been submitted to thyioi-- 
dectomy because of hyperthyroidism. Of these 11 patients, 6 had exophthalmos. 
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l.crorc tl,c opetalion. After o|.er„lie„ tl,e svntpto..,, . , ,, „ 

pereteled „„ch.„sc.l i„ the sixth. It. ,l,e ret, 1,"; I,, ; 
not appeared until after thj-roidcctoniv. This sutrirpJt. that nil ,if ti ‘ 
operated on had the hj-perophthalmopathic type of the disease from U- I 

, V patients, o showed si<riis of pcr.dMine thvr„ 

-and s3 of hj'pothj'roulism. In the remainiiifr 3 tluToid fund ion ivas'n 
normal Of the 8 non-oporated cases hjqierthyroidisin was oh«erv(.fl in 
thyroidism in 1 and cuth}'Toidism in 2. 


pad, 

p.ir, ; 
5. !.v 


Troalinent. 

All of the patients received radiotherapy. The -1 patients who had hvpothyrnih.y:; 
■before irradiation also received desiccated thyroitl. In theory this treatnu-m 
i3upprc.ss pituitary function and may he u.scful in the ninnn"enient of niiM 
hut Dohyns (1950), Jones (1951) and others have reported exce.««ive det- rio:, 
of the eyes despite medication with large doses of de.'iceated thvroifl. 

In 10 cases the roentgen rays were applied to the jiitiiitary region, in 0 to i!,t 
pituitary region and afterwards to the orbits, and in 3 cases to the orbits only. 


Technique. 

The hypophysis was as a rule irradiated via ■! tetnporal fields, niea«iirirc 5 
■cm X G cm each. F S D: 50 or CO cm. Filtration: 0.r> mm Cu and 1 itmi .-M; 170 1:v, 
15 ma. H V L: 0.9 mm Cu. One field per day was irradiated with a do>- of .lOfi r. 
■Treatment was as a rule given in the form of 2 series at an interval of about .I u 
In the first series each field received altogether 1,500 r, in the Sfcond ‘“ri' (I'si— 
900 r. The dose applied to the In-pophy.^cal region was calculated as 30- 3.’i jer 
cent of the .skin dose per field. With this teclmiquc it is not only the hypophv.- ' 
that is irradiated hut also the posterior region of the orbits, lleg.irding tlw di-'n- 
hution of the dose among different parts of the orbits, rofereiuei= made toan. .rp' r- 
imental study described elsewhere.' 

In irradiation of the orbits the rays were directed against tho-e parts of the erk: 
located behind the lens. The size of the field ranged from.Ht em’ to 20 enr. 1 !h 
50 cm. Filtration: 0.5 mm Cu and 1 mm Al; 170 kv, 1.5 ma. 11 1 h: 0.9 mm 
The orbits were treated with a daily .skin dose of 10(»— h'.O r. As a ; 

was given in 2 stages at an interval of -I— 5 weck.s. In the fir.st seri.-- the to .a , 
dose was 900 r per field. Tlie dose applied to the mid-lie of tlw po-t-rior of th- ' 
was calculated as CO — 70 per cent of the skin do.-e. ^ ^ 

Frontal irradiation of the orbit.s was avoided owing to the o, ■ 

(Poppe, 1912). • .11 •( - 

The results of roentgen therapy arc .summarized in tatile.- 

1 To {s' putii;.!:!-.! in Aeti r.Kli^tipe.-i. 
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]!oi'nl(jcn trc/itmrnl of llir hypophy-^ix ami poi^lrrior part of the orbits. 
Kffoct on eve svmjitom.*-'. 


Cn'io No. 
.Toiinial Xo. 


l§!-5 

■ w c i S - . 5 j >. 

j = I ^ j-S ~ _c ^ I c 


Hcrtol ! 
values [ 
rum 


Orbitono- 


>. ! = "c. ” “I S . inctry 

p iRiglitj Left , 


Calciilnted 
focal do^e' in 
ropion of 
hypophysis 
r/nr. of days 


Follow- I 
nj) in J 
months j 


.■!; 2 I.'!2 of) . . . . 

Ih'forc roentpon 
After roentpen . 
■l:302n;50.... 

lieforc roentpen 
After roentpen . 
0; 37f]0 hi) ... . 


Before roentpen 
After roentpen . 
7; C!)7o0'.... 

Before roentpen 
After roentpen . 
10; olO ol . . 


Before roentpen 
After roentpen . 
15: 2303 51 . . . . 

Before roentpen 
After roentpon . 
10:2317 51 .... 


Before roentpen 
After roentpen . 
17; 3410 51 .... 


Before roentpen 
After roentpen . 
18; 492 52 

, Before roentgen 
I .After roentgen . 

j 19:817.52 

I Before roentgen 
I -After roentpen . 


-AI 


F 


02 


39 


F 39 


M G4 


F 42 


23 


+ 


-)■ 


+ 


+ 




F 


32 


4S 


+ 


+ 


+ 


+ 


+ 


+ 

Le.ss 


+ 


+ 


20 

23 


IS 

10 


17 

15 


17 

17 

23 

21 


20 

23 


17..^. 

10 


17 

15 


21 

21 


21 

19 


21 

15 


20 

18 


normal 


normal 


norma) 


normal 

normal 


normal 


pathologiej 
normal 


21 

21 


10 

17 

23 

21 


pathologi 
pat hologii 


normal 

normal 


normal 
normal 

normal 
normal . 
decrea.sed j 


2,20(1 r/22 d. 
3,000 r/S3 d. 

2.100 r/23 d. 

3.000 r/73 d. 

2.200 r/27 d. 

3.100 r/SI d. 

2.000 r/25 d. 
2,800 r/S3 d. 

2.200 r/23 d 

3.100 r/08 d. 

2.000 r/23 d. 

3.200 r/G9 d. 

2.200 r/18 d. 

3.000 r/GO d. 

2,200 r/28 d. 

3.100 r/72 d. 

3,100 r/GS d. 
4,400 r/118 d. 

2,900 r/22 d. 


33 

31 

28 

28 

20 

21 

19 

18 

14 

10 


I I ' I I I 1 1 [ I 

FrUTr undergone thvroidcctomv. ' ' 

.I- SSo" J”” “f 


Comments on the Results of Roentgen Therhpy. 

Irradiation of the Hypophysis and Posterior Part of the Orbits. 
iroclnccd the 

wo.i. Acta med. Scnndtnnv. YoI.CXLVIlI. ^ 
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JlocnUjcn treat, ,H-nt of the hypophy.i. a,u! yoy.ri.r i.,r, ,.1 ,!.■ 


Cll'^O Xo. "’cicht 
: in kj; 


Piil- 


Kffcct on tlijTDul fumti.in, 
lilood BMlt i ' imiint*' I 


pn-«Mire 


i thi'niicl nf(cr i nsf K'lr-ii 
L’l Iioiir^. ■ 


i o Before 

j ' After .... 

1 

7.1 

7'.) 

m 

75 

120 jsn 
laO.SO 

-r. L>*» 

4-10 

5'* 

{ 

i 

; It's) 

j i:>:i 

i 

1 

f 1/'-< <if i •» « 

1 Xi... 

' 1 IJcfnro .» . 

To 

so 

2in 120 

-t- 17 
— 8 


1 lo; 

i 2.V) 

! 

1 In- r'-A'c.j ' s. 

} 

After .... 

SI 

so 

2,50;i;i(l 

40 

]Jcfore... 

0 

02 

so 

12.5,00 

-i-21 

— 

125 

1 

rrtij'iuti t 

f,r‘v.h*'7 

After .... 

70 

f!5 

1 25 .S5 

— 10 

2S 

211 

t’O, lilts 
.Vet- ■ 

- Jicffirc .. . 
.After , , , . 

C(i 

01 

so 

170,05 

- M 
i 0 

.5H 

0 >« J 

i 

Iivm.jd inci) ,',t,t 

: 

Before . . . 

10 

After . . . . j 

72 

05 

100, 100 

21 


105 

1 

t IMIpit ?1«. p' ' r* 

7<> i 

00 

100, '100 

— 

j 00 

:ios 

tr-r . r 

Before . . . 

71 

so 

150,'S0 

-r 75 

77 ! 

‘Jir't 

I'.il['it.iti'.t... 1 -.1 <! 

15 






j 

{•r'y |» f 








fe.‘r« jtni 

After .... 

00 

00 

10^,05 

-45 

21 

577 i 

Nf-ie- 

... Before... 
After.... 

01 

100 

145 00 

-f 2<i 

, 1 

■2X\ ! 

N< Tl*-' 

01 

,‘-’5 

110 '70 

- 4 


2;j,'! j 


Before . . . 


00 

i,n,vso 

■f 1.5 

07 

2.')2 i I’.vliriinis-;.. ! •< 







( 

tiei.'f.t* jr - .»• t'-'I s.* 

17 






1 

5 

J' f 

•After 

57 

70 

l.Tt'SO 

— .5 

."0 

201 j 

N..',- 

-c Before,,, 
After .... 

.50 

on 

140 '00 1 

+ 11 

41 

1 is 


02 

SO i 

1W 5:) ; 

d- 10 

'.17 

lOd ; 

N. f.- 

Before... 

After.... 

(iO 

so 

100 ,s0 1 

— 25 1 

0 i 

1 

•*‘C> ( 

M\ r ^ 

01 

.so 

i:!o;75 j 

1 

-S 7| 

•s i 

211 ■ 

.Svri| i--- 5'‘" 

'tlAr. f'd. 


N'li!. ?, 10, 10 and IS Ini im>l“ri;im? I'lyr.iid'-ft'imv. 

' Th? iodine w.n not n-ed until .Ian. 10 >‘d. 

(lis-appcarod in 0 nnd decreased in 1. Ciiemnsis, which was jir' S' iit in . n. ■ j 
tient.s, di.snppcared. In 7 ense.s tlie Ilerfel values diinini'lnd h_\ - *'• mi.t. 
cliange was recorded in the otlier 3. In 1 cases the jiatieuts were leO ■ 

nometrieally before rnentixcn treatment. Iteenuse the ajip.irattis ua- ic ^ 

at that time. In 4 cases oriiitonometry recoriiin"s lay within .n ti'irru.d r.i.;. ■ ; 

jirominent ocular chanites. In the remainin'.; 2 the retrohiilb.Tr te,,-!o.i .... 
before roenfeen treatment. In one of them the jires-are retiirn>‘i to li-'.. -. • ^ 

other the increased ])rcssnre persisted nnehane.sl (b'^nit-' tt.'- ->i!* ;|>i 
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Tnlilp r,. 

I!o''iilgrn treat ino’t of the hi/popht/sla aad portcrior part of the orbits and subscpicnt irradiation 

of the anterior part of the orbits. 

Kffect on eye symiiloins. 


Cast* No. 
.Toumnl No. 


2 ; 


c ’ =: ■& ' § ' 

C ‘S' ^ ^ ^ ' T 

2 i £ ^ -o 

^ SI I 

^ ^ t £ :r ■ ^ 

«? — f ' C i'-' 


Ilertcl 

vnliics 


Riglil; I>cft 


' Calculated focal 
j <lo'ic' in 

Orbi- 1 ’ 

tono- region of anterior i 
nictry ! hypophysis part of 
I r,nr. of , .orbit r;'nr. 
i dnvs= of dava ! 


Ilcfore roentgen (hypophy-^is) 
llefon' roentgen (orhits) . . . . 
After roentgen 

5; lOlli'-lS I 


17 — 

17 — 

17 normal 


Iteforc roentgen (hypophysi,s)j 
Ilefore roentgen (orhits) . . . . i 
After roentgen 


.'1773, oO 


llefon* roentgen (hypophy.sis) 
Before roentgen (orbits) . 
After roentgen 


- - - 4 - 


+ + + H 

+ + — + . — 


2G — 

26 — 

26 normal 


30 — 

29 — 

24 normal 


9: 11.3;.ol 


... M 48 


Before roentgen (hypoplivsis) + — 4- a. 4. P7 

Before roentgen (orhit.s) . 4 4. X J 

.After roentgen 4, 

12: 1407, .31 F 70 

Before roentgen (hypophv.«is) 4- a 

Before roentgen (orbif.s) i . . . _! j 

After roentgen J 

14; 2017/51 F 54 

Before roentgen (lijiioplivsis) j 4. .4 

Before roentgen (orbits) . J 4, T _ 

After roentgen J I 


— +— 21 
— 21 


28 normal 
28 normal 
28 normal 


23 j normal 
23 normal 
23 normal 


2.200 r/21d, 800r/lld. 3.3 
4.000 r/76 d. 1,400 r/5S d. 


1.700 r/12d. 700 r/8 d. 
2,900 r/7r) d. 1,100 r/75 d. 28 
4,000 r/169d. 


2,200 r/22 d. 700 r/7 d. 
3,100 r/GG d. 

4,G00 r/lG9d. 


2,000 r/24d. 700r/15 d. I 
2,900 r/80 d. 1,300 r/71 d. 28 ! 
4,200 r/lC2d. i 


2,200 r/22 d. 800r/10d. 
3,500 r/89 d. 


24 normal 
24 normal 
22 normal 


2,200 r/22 d. 400r/4 d. 
3,000 r/73 d. 


^’o.'. 5. 8, 9 and 12 had undergone tliyroidectomv 

tciKsion decreased in association r originally normal orbital 

festations followiim irradiation THiks ° ^appearance of the other ocular mani- 
/'C,V cHm m II, c Ijo ,y„if,oms in nil ° 

~S\~jiOOG3. Acta mcd.Scandinav. Yol.CXLVIlI. 


Followup in 
months 
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Table C. 

Roentgen trcalmcul of the hgpophijsis and posterior purl oj (}.' or’n’i nr ! <•:' ^ ■ i.-, ; 

^I'on of the anterior part of the orlets. 

Effect on thjToid function. 



i 



P».t-.t.' Vrdu.- 



Case Vo. 

Pul-e; 

Blood 

It.MU ! 

indiente p-r- 
crntacTf' in 


1».T 'fAl 


in Kg 1 


"o ! 

thyrohi after 

ni;! Uk) trd 


i 

i 



i 




2 Before . . , 

82 

72 

125/75 

-f 4 j 

— 


5-' - 

After 

83 

GO 

115,'G5 

-16 

16 

1 215 

Nf r** 

5 Before . . . 

G8 

70 

1.35/70 

- 3 

— 

1 i^n 

In 

After .... 

51 

SO 

110;G5 

+ 6 

— 

: 21'' 


8 Before . . . 

G9 

so 

140 90 

+ 6 



2 

1 122 

1 C'"'' 

After 

74 

72 

140.90 

— 11 

33 

, 22v 

1 


9 Before . . . 

90 





-10 

n 

i 185 

r.'- 

After . . . . 

90 

70 

140,80 

— 1 

I 185 


12 Before . , . 

— 

— 

220,110 

4- 20 

— 

! 216 

i 

' rrufti*" i*. 

After . . . . 

G5 

SO 

225/105 


45 

i ai iS 

^ N-or.- 

14 Before... 
After . . . . 

G4 

07 

7.') 

70 

130^80 

120,80 

+ 16 
-f 3 

31 

! 153 

i 205 

1 VfTl'- 
‘ N/nf 


Patients .Vos. 5. S, 9 and 12 had iindcrpone thyroidectomy. 
1 The iodine tost not ii^od until .Inn, 10^-. 


Tnlilo <• 

Roentgen therapy of the orbit* only. 
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Of tlic in j)ntient.« with the liypcrophthnlmopnthic type of Grave? disease treated 
with the al,ove-descril)od l^^)e of irradiation, S had already liyperthyroidisin before 
irradiation (Table -I). In I'of them thyroid activity returned to normal level. Two 
became .svmptom-frce, the oidy clinical sign of th\Totoxicosis then being a slightly 
palliologic test. In 2 case? the basal metabolic rate decreased and the blood 
cholesterol was increased, but neither of the patients had symptoms of my.vocdema. 
They were afterwards treated with desiccated thyroid. Euthyroidi.sm in 1 of the 
patients was unaffected by roentgen therapy. In the remaining case, in which the 
patient had iivpotliyroidism, this disca.se had been treated with desiccated thyroid 
from the beginning. 

Tims, rocnigc.n IrrnttnnU of the. pituitari/ region deprcaiicd lluiroid hinc.tian ui all of 
ihrxc S padciUs trho originaJlji had hypcrthurnidinin. 

In case 15 (Tables 3 and -1, figures I and II) irradmtion of flic pituitary and 
posterior of the orbits produced a striking effect; 


A male, aged 01, was admitted on Aug. II, 1951 (MJ 1 ‘.102 '51 and K.1 2303/51) because 
of the hypemphthnlmoiiatliic type of Grave.?’ disease with hyperthyroidism. 

Iliflori/. — The patient gave an II months’ history of increased irritability, profuse 
sweating. ])aIpitation, tremor, increasing ocular projitosis, increased lacrymation and 
sliortness of lirentli. 


On (idviisaion. — Diffuse enlargement of the thyroid gland, tremor of the tongue and 
fingers. Puiso rate 80/min. Blood jirc-ssurc: 150/80. The liasal metabolic rate, as measured 
on various occasions, was about jilus 75 per cent. Serum cholesterol; 200 mg/100 ml. Body- 
weight 7-1 kg. Roentgon c.xamination of the heart and elcctrocardiograjiliic studies .showed 
no signs of a pathologic condition. Auricular fibrillation apiioared wliilc the jiatient was in 
hospital. Xormal visual acuity. The field of vision and the intra-ocular pressure were iior- 
innl. Fundus ocuii were of normal appearance. Degree of exophthalmos (Ilcrtel); right 
eye 22 mm, left 21 imn. Orbitouonictric examination showed distinctly increased retro- 
bulhar pressure on both sides. Application of a pressure of -100 gm to each eye produced a 
liaclavard displncemout of only 4 mm (with these Hcrtcl values this prc.ssuro should pro- 
duce a disjilaccmcnt of at least 7 mm). The orbitonometric curves were flat. Acute right 
conjunctivitis with corneal ulceration appeared while the patient was in hospital. Tins 
comidication was accompanied by a slight .swelling of both eyelids and .slight conjuncti- 
vitis of the left eye. 


Treatment. ~ Roentgen treatment of the hypophysis and posterior region of the orbits 
was started witliout delay. The calculated dose in the region of the pituitary was 2,000 
r/23 day.^. After 5 weeks’ interval a second scries was given. The total dose delivered to 
the pituitary and the posterior of the orbit was thus 3,200 r/G9 days, 

d oUou'tip. The patient was reviewed several times during and after treatment. 
Gradual improvement was noted, but even three and a half months after treatment the 
fibrillation jiersisted and the basic metabolic rate was about plus 40 per cent. 
The iodine test showed a pronounced accumulation (77 per cent) of the test dose after 
- 1 lioiir.=. He had, however, gained 9 kg, the ocular changes no longer troubled him and 
the eye .symptoms had completely subsided. The cornea had healed. Visual acuity and 
field of vision wore normal. The exophthalmos (Hertel values) had decreased by 4 mm. on 
le right side and by 2 mm on the left. Orbitonometiy showed considerable diminution of 
the increased retrobulbar pressure on both sides 

IIc^W f f 1 symiitoms. Normal sinus rhythm, 

n' ic I .T r ? Tim iodine test now showed normal values. The 

> .ic nutalohc rate was minus 1< per cent. Blood pressure 165/95. Blood cholesterol 
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no7 


nTO inu’.aon tia. Oi.litlwlmolo-ic f-xamiuation rcvcalocl no si.atis of ii l'atlioloM< ”• 

Fxopiitliuiino^ value?) had decreased to i:? Jnin on the ngld .-^kIo (total de( nn.t d 

nun) as.d to 15 i.iin on tlie left side (total decrease 0 mm). Orhitonumetne recordings 

iioiv lav within a iiorm.al range. i .i i 

Hn'inr J'j tnonlhs ajlrr tf,'ntma\t. - Kyo.s; as before. .«ame degree of ('.voplitlialmos 

(Ilertel values), normal retrobulbar jire.ssure on either side. The thyroid was not enlarged. 
The basic metabolic rate had, however, decreased to minus If) ))er cent, and the eholesteroi 
had increased to as much as 577 mg/100 ml. No further change in body-weight was noted. 
Iif‘ ^vaH Hvm}'»tom-frot' aii<l showed no other signs of hy]>otliyroul ftnicOorK \\ orKing 
caparitv (mechanic) had not diminished. The patient received a moderate dose of desicca- 
ted thv'roid. The te.sts iierfonned .sugge.sted no impairment of the other functions of the 
pituitary. 


Snmo Trontmont ns Before plus noontgen Irradiation of the Anterior Parts 

of the Orbits. 


In (1 casc.s the patient initially received similar roentgen treatment of the pitnif ary 
and posterior part of the orbits, but as the effect on the ocular changes wa.s nn.sati.s- 
faetory, the anterior jiart of the orbits was also irradiated. 

The results achieved by this combined treatment may be summarised as follows. 
Tlic eve .symptoms originally prc.sont in 0 of the 0 cases, disappeared in <!. In all G 
cases the jiaticuts had eyelid oedema, which the roentgen treatment controlled 
completely in 0. Chemosis, which was prc.sent in 2 cases, disappeared. K.xophthalmos 
(Ilertel values) decreased by 2 mm and 8 mm in 2 cases; in the remaining 4 it 
remained unchanged, despite the disappcarajicc of all other eye symptoms in 3 of 
them. In no instance did the ocular changes progress during the observation period. 
Despite high initial Hcrtcl val«e.s orhitonomctric measurements were normal in 3 
eases both before and after roentgen therapy. In the other 3 cases orbital tension was 
not. measured before irradiation. 

Of the 6 patients with the hyperophtlialmopathic type of Graves’ disease treated 
with roentgen of both the pituitary and the orbits, 2 originally liad h3’i)erthyroidism 
(Table G): in one of them treatment depressed thjToid function to normal. In the 
other case the patient now had laboratory signs of h 3 T)oth}'roidism, hut he was 
otherwise sj-mptom-free. 

In 3 cases thiToid activity was normal both before and after roentgen treatment. 
One patient had hypotluToidism from the beginning and received desiccated 
flntoid. 


Cafc 0. — In this case (Tables 5 and G) irradiation of the hypoph 3 'sis and orbits did not 
produce such a striking effect. A man, aged 50, who was admitted on Dec. 12, 1050 be- 
cause of progressive cxophtlialmos following tbyroidectomy, * 

Ilistorif. - Signs of increa.?ing thjTotoxico'sis during the last 11 months. Before thiToi- 
dec omv - / months before admission - the basal metabolic rate was about -4- 50 ner 
con . At that tunc there were no signs of exophthalmos. Pathologic-anatomical diagnosis- 
to.xic goiter treated w'ltli iodine. The primary effect of operation was good. However 5 
mraths l.iter, ,. c. months before admission, both eyes began to protrude, the eyelids 
^ to .^wclJ, and mtra-ocular pressure and lacrymation increased. ^ 

„ ! , -- The patient was in a good general condition. The tlmoid was vil- 

I able. 1 ronounced bilateral jwopto.si.s, swelling of eyelids and slight chemosis were noted. 




Tin; BYi'r.r.o5'ini!Ai,MorATH!c Tvn; or oi’-vvrs' yisnAPi:. 


non 


f nuiiit of 10' w-a« ob^^rvcl. Thr raiijie of mobility of the p-chnlls 
not limited, th-re wn;. )io diploj'ia. and tin- onilar fniuin fieUi of vision vjpiml ncuity 
.'iiid intr.i-ortilnr iirc'-Miri' wore iiorrnnl. Hortol; right ‘27 imn. left 2S inni. 1 !>e hnpai 
I.nlio rato, n-- inon'^iin-d on povoral orenpions wap - 10 jut c-nt. IMood cholcptorol Ih:, 

ml. . . . , . > 

Tn-aliiu-nl. — The ji.'itient was medicated witii <le.=icented thyroid for 5 week.s with an 
initial <laih' do.w ofO.t rng. wlii(di was .‘•oon increased to 1.2 mg. I)c.«)nte this medication, 
till' eve pvmptoiup. iliplopia. and increaped lacryination, progrop.'^ed._ Oiditludmologieal 
examination; Iferfe! values as before, but the divergent squint had increa.scd from 10' 
to 20'. The diplopia chart showed limited moliility of the left bulb. No definite pign.s of 
j.aresis of the outer museies of the eye were, demonstrable. Bilateral conjunctiviti.s was 
ob:-''rvcd. 


of 


;\p sisms of progresdve exophthalmos hud boon present, for almost 3 monthp, irradiation 
. the hvjiojdivsis and of the posterior jiart of the orbits was .started. The patient received 
.I .‘.fTios’of roentgen treatment directed to tlic.-^e regions and 2 series of such treatment 
against the anterior of the orbits. Medication with de.siccated lliyroid (O.r mg per day) 
was continued. The total dose delivered to the hj'jiophysi.s nud the jioslorior jiart of the 
orbits was r, 102 day.-. The focal dose delivered to the anterior jmrt of the orbit.s was 
l,.''ifK) r/71 days. 

FnIloir-np. At review 2 months after the commencement of treatment the lacra'inn- 
fion was no longer increased. Dijilojiia was n.s bcfore.Thc eyelids were Ic.s.s puffy. Hcrfcl 
valiie.^, visual aetiify, ocular fiuuii and field of vision as before. 

Fifteen mouths after the end of treatment the jiatient showed no further clmngc.s iii the 
condition of the eyes. The process liad evidently hnrnt itself out and left hchind fibrous 
clinngcp, irre.sponsive to irradiation. The basal metabolic rate was — 1 per cent with the 
same dose of dc.sircatcd thjToid as before. The blood cbole.sterol was 185 mg/100 ml. 
Body weight was unchanged and the other hypophyseal functions were apparently 
normal. 


Hoontgon Treatment of the Orbits. 


In cases 1,11 and 13 the patients received roentgen treatment of tlie orbits onlj' 
(Tab. 7). In ca.scs 1 and 13 tb^Toidcctoiny had been followed by the appearance of 
liypotliyroidism, far which the patients were treated witli desiccated thyroid before, 
during and after irradiation. 


In case 1 1 . the patient, a woman aged 51, had been thyroidcctomiscd many years earlier 
and had since rcocivcd different kinds of treatment bccan.se of ])ersistent t'hyrotoxico.si.s. 
Thyroid function was normal at the time of irradiation of the orbits. Tliis patient, wlio liad 
thus had exophthalmos for five years and a half, no longer had ocular trouble. Treatment 
was dc.=ircd on purely cosmetic grounds. The retrobulbar prc.ssurc wn.s increased on both 
sides. Orbital irradiation had no effect on the degree of cxophthnlmos (Hertel value.s) 
or on the increased retrobulbar presfiirc. The absence of ocular .symptoms suggested that 
the disease was no longer active, an a.s.sunifition .supported by the absence of any re- 
sponse to irmdiation. Behind the biilb.s there was evidently fibrous tissue andnotradio- 
.<.eiic!tivc oodoina with round cell infiltration. 

di=ippeared '^^li^tion was favourable. The ocular symptoms 


In case I, man ^ged ,57, dramatic improvement was noted. Three vear.s previomslr 
! ’-If I"!’!.''' • «^>^-fp}dhalmos and dijdopia appeared and, later, bilateral insufficien- 
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Eight months after thyroickctomy exophthalmos rwiirrr^ mvl i , , 

months later increasing impairment of vision vasnotnl. Examiritl'- t v/,' ‘t’' ' 
erate exophthalmos marked chemosis, oedema of the , 

In f'f • left 2/CO. Bilateral papilloedema. tempo„l dec':..' j 
Sion of the right eye and possibly defect of the left (pindnmt of i},.. !„o ‘.’.J t ! ; 
coloured object.s were noted. Tlie basal met.abolic rate w«, miniK 1 ! n.r r.-. t 'Vi ^ V 
had therefore received desiccated thyroid. Boenfgenographv „f th- '.. V 
and racepimlography showed no signs of a pathological condilinn .\-i the r>n> - 

despite treatment with desiccated thyroid, the i)atienl was off.-r.-d orl-:*.-!! dV-.---'.’.' 
but refused. 

We then began to irradiate the posterior portion of the orbits. Tiw fo,-.rt d.>-- ddis.; 
to each orbit was 700 r/S days. Daily control allowed rapid imjitovem-r.t of vi.-nl nr ;: 
Within 11 days visual acuity had increased from 0.3 to l.a on the left .Md,> 
to O.i on the right. Protrusion of the eyehall had decreased bv 1 nun hi! iter.dic. rhV* 
had subsided and the defect in the field of vi.sion .showed rceresdmi. Four w. -k; i Vr ! 
patient received a second course of roentgen Iherajiy, which brought the tot.'d fi. .-.i d 
delivered to cacli orbit up to 1,000 r. One year later the p.atient, a r.aj.tain of the jv. 
marine, was symptom-free and able to return to work. When lari luo .ti/I a i 
years after irradiation, visual acuity was l.o on the rigid .'ide and O.i on (he h fi. Fi 
of vision; small paracentral scotoma on the loft side. The liglil side wa>- nottaab t):V, 
nometric measurements were within n normal range. 


GonernI Comments on the llocntgen Treatment of the llypcruphllial* 
mopntliic Type of Gniros’ Dlson.se. 

A. Irradiation of tho Pituitary. 

Evidence is available that roentgen treatment of the jiitiiilary can Mippr-** in- 
creased hypophj-scnl function. Thus several invcstigator.s have report' d a favoiir.ih'*- 
effect of pituitary irradiation in tho inanngcniciit of Ciishintt’s dis.-a'"- and armru' ■ 
gal)*. In these conditions cellular changes often orctir in the ant.-ri'>r pimi’.'t) 
lobe: such changD.s arc probably present also in the !i)-})ernj>hthalmopathie tyv- ft 
Graves' disease, but whctlier the primary causal factor is located in th- hyjs>]d,y* • 
or more centrally (dicnccphalon) is unknown. ^ 

Observations made in tlic present .series of the liyperophthnlmopaihi'- bvp- <•. 
Graves’ di.scase support the assumption that increased hypophy.- ai 
be partly or completely controlled by roentgen therapy, i iuis m th- p.ne n ‘ ' 

originally had h)'pert]iyroidism, this hyperactivity was rontroII'>d m a!! ca-- 
of the parents became clinically euthyroid. It is po*>,ble th.at ! ^ 

times produced an even stronger effect. Thus, judging by tlm ba^ai ' -a,. 
and tbe blood cholesterol values in the other 3 cases. 
pressed the originally increased hypophy.-=eal activity to mi uio-n.. 
patients showed no otl.er clinical evidence of lypothyrm'i ^ ^ ^ 

In all of tlie cases with incrwi.M.'d blood cholericrol vdm ' * - - _ . , 

casions after roentgen therapy, the patients were V.; h; 

other cases the cholesterol valiie.s were hicher th-aii befor, ^ ? 

witliin a normal range. Thus, of the Id patients tr-Mtc' m*" 
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tuitary, iiftvrwnTtls sliowial pcrrfrtont Jaboralory ?igns of In^xilliyroidi^nK I»ut 
tlicy woro oiliprwisf' 8yn)]>ton)-fr<'o. Invcstsiialion of tlio other functions of iho 
piluitarv 1>v means of the adrenalin test. ACTH test, glucose and insulin tolerance 
tests, determination of the urinary IT-ketostcroids and 1 1-oxysteroids and urinary 
concentration test loth iluring and at least 1 year after irradiatioJi .showed jio 
sien« of impaired hypophyseal function. Judging hy the jtatients* rejHtrts, roentgen 
treatment had no effect on liiu’do or ovarian function. Thus, ])itnitnry irradiation 
had no demonstrable side effects on other functions of the pituitary. Ibis in turn 
suj)jiorts the view ])resentod by others (Kajilan, Iftll. Luft, IblC)) that the dose 
neeecsarv for controlling cellular liyiieractivity is uuieh .smaller thuu that necessary 
to disturb the function of normal cells. 

It therefore appears that, this form of therapy can he used with advantage in the 
?iuuiagcmcrit of the InTicrophtlmlmopafhic ty])c of Graves’ disease. In our cases 
irradiation was extended to include the posterior region of the orbits. This probably 
partly accounts for the regression of tljc eye symptoms. However, the increased 
tlivrotropliie activity of the anterior lobe of the pituitary must also liavc been 
diminished, hccaivsc hjiieractivity of the thyroid was controlled in all of the cases. 

Good results of this form of treatment have been reported by Hertz, Ricans & 
Williams {1911), Ilornk (H).‘55), Schwarz (1015), Bcierwaltcs (1951) and Hermann 
(1052). In 1050 Dohyns reported .W puhlhshed cases, of which 13 liad improved, 
and he coiicludes that the mctliod merits consideration. Friedgood, Ru.ssel Brain, 
Jones (1051) did not find roentgen therapy to have such a beneficial effect on llic 
ocular disturbances. 

Judging by the literature, some patients received fairly large total closes delivered 
to the pituitary without definite improvement, while others received a much smaller 
dose with good results. It seems justifiable to conclude that both the size and tlie 
disfrihution of the dose and tlie qualify of the rat's ns well ns the time factor and, 
above all. early treatment are important for .securing good results. The total doses 
used in the present series arc summarised in Tables 3 and 5. 


B. Hoontgon Treatment of the Ocular Orbits. 

In our opinion orbital irradiation should preferably be given when the disease 
is in the acute stage with rapidly progrcs.sing, serious ocular changes. As pointed out 
.aho\c, the cellular infiltration and tlie ocdcm.a of tJic orbital and periorbital region 
appear to respond favourably to irradiation. But this treatment is, of course, only 
symptomatic and .sliould be followed i»y irradiation of the }i}'popliysis. In uncompli- 
cated cases roentgen therapy should be directed mainly to the pituitary and 
postenor part of the orbits. If the eye samiptoms do not respond satisfactorily, 
irradiation of the anterior part of the orbits is indicated. In ca.ses of malignant 
exopht halmos Thomas & Woods, Ginsburg, Friedgood, Mancknille, Jones irradiated 
the oriuts only. The results, although sometimes good, varied, probably avitli the 

amount of retrobulbar fibrous tissue. The focal doses employed in the present studv 
are given m Tallies 5 and 7. •' i . 
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Sini))iiar.v. 

The pathology, pathogenesis, ami cliniral an4 Oiffereriti.i! .ii-mr.,.;. , ■ 

a.-se^e arc discussed and 10 cases treated with row.t-vn irra.li.,;im, ar-- d' ■ -'V' i 
In 10 cases roontgen treatment was given to tl.e !,n>oj.i.y.<i- and th- 
of the orbits: m G of the other cases such treatment was folimv.-d hv'irr.„ii.-, 
the anterior part of the orbits. In the remaining 0 roentgen therapv u.k lie i- 
the orbits only. ■ * i . ■ 

The okservations made suggested that roentgen irradiation of the r.-i-ns ,.f ;• ■ 
h}'pophysis depresses any increased tliyrotrophic aeficitv of tin- anterior i/)!..- ..f;) ~ 
pituitary, because hyiiorfluToidisin a'lw.ay.s dis.appeared after sneh (re.v.ner,;. b 
the IG cases in which the patients received* roentgen therapy of the jiitiiit.iry r,/, 
the posterior part of the orliit.s was also irradiated. The iinprovemenf in tie- ft.iV 
of the eyes following treatment may thus ))e ascribed p.nrtlv to dejin 'sion of t',.- 
tluwofrophic lu-pcrnctivity of the pituitary and jwrtly by the direct efiwt of tr - 
irradiation of the orbital tissue. In those cases in which tlie nbovc-mentioie'd ivy 
of treatment did not produce .satisfactory results roentgen trcatnicnt wa« extc-h ! 
to include roentgen irradiation of the anterior part of the orbits, TbisM!p})btnf;,t.vrv 
treatment may improve the results provided connective tissue proliferation ludii:, I 
the bulbs is not e,':cc.ssivc. 

In the treatment of acute, rapidly progressing eye symptoms, roentgen irr.ndii- 
tion of the orbits only can produce dramatic improvrinent and should thf:>'fo:>‘l>- 
started without delay. This treatment, docs not however, tackle the rnii‘'’. Thcrcfi r-' 
it should he followed by irradiation of the pituitary region. The doses need ii.m-hiC'd 
no demonstrable undcsired effect on the other fiinetioiis of the hypophy.‘!«. 

Early recognition of this 1 ) 7)0 of Graves’ di.so.'isc is important and tnatnoM 
should he .started as soon as possil)le. Thyroidectomy, Ireatnieiit with thio'if.v;] 
compounds and radiotherapy of the thyroid glands arc contra-imiie.it'd. 
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K. GYVIN. 

(O' traviiil jiArvcnu n mliaclion I** K<^vt’inbfo V.'.U.) 


I'n prniul noinbro (ra})})ar('il.s plus on moiiis exacts out. etc coustrints }io\ir 
I’earetfist reinerit do Ja jirossioii arterielle. Void uii ap])areil transportable tres 
exact destine tiiix rccliercdies do la circulation sanguine an lit dn inaladc. (I*ig. 1.) 

On conipriinc an moveii une poire Tiiir dans la bolte, mctaHiquc jusqu'a une 
tension do jiresqu'nne demi-atmospherc. Puis a I’aidc d’un rnlnnct a trois voies 
I’air est insuffic suivant deux circuits paralleles; fVlui do la ninnchctte anti- 
bracliialo ot celui do la nianchotto Itrachinlo, ce dernier brnncln'i sur le inanometrc 
a merenre enregistreur. Cliaque circuit cst poiirvu d’un inanonictre mctalliqne 
ct d’uu sjdiyginoscopo dc Maroy, run des sjdiygnioscopes ctant a une membrane, 
ct I’autrc a quatre membraties suj)er{)osees. Cos spliygmoscopcs mettont en evidence 
los oscillations dc la pnroi arterielle. A Kaidc dc seringues a pistons micrometriques 
on pent n’der la tension avcc. minutio. Par une scrio de .s-orres micrometriques 
on 5 >eut faire gonfior a volonte Ics manchettes en deciiargeant Ics sphygmo- 
scopes par dcs s<’rres correspondantes, Lc manometre a merenre compensateur, 
semblable a celni d’Uskoff (lOOS) onregistre la tension moyenne dans la maii- 
cbcttc brnchiale h I’aide d'nn floftcur qui cst traverse par I’air comprime. Tons 
les Inyaux de comtmmication soiit en matierc pl.'istique. 

l.e pouls ]),AiplnAique de Tavajit bras, rosciilogrammc de la manchette bracliialc 
ct la tcn,;ion jiresente dans cellc-ci sont. traces ])ar lo ])oIygraplie dc Jaquet. 
(I'ig. ’J.) Par nn robinet .speed! on pent branclicr instnntanemenfc mi circuit en- 
rcizistrant les spliygmogranimcs .cimultanes de la carotidc ct dc la femorale, ninsi 
qiic la respiration. 

D.in.' cc Imt i ai constniit des f>porte'tambour.=» speciau.x (Fig. 1 I)) a reglagc 
micronu-trique. Ces sportc-tambour.« .sont preferable.? au.x »bras artificiclsD ordi- 
nairc'j. p.arcc qu ils epou.=ent juieu.x les niouvcments mininies du membre. 

La jirossion diastoliqnc pent etre detcrmince suivant la maniere formoscillatoirc 
dc V. Pccldinglinu-^en (IbSO). Une autre maniere cst celle dc G.allavardin (1921), 
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n. sphy^'tnotono^Mjih*'. 

b. •j>oric*t:\ml>our* rarotifliMi. 

c. pchi'mn: 

15 p^irr, T - bultt* 
t - robin^'tt ^ troN 

Mj - mAndictt? anlibntchinlc, M, • innrrh‘*t^‘ 
m - o • fphyj:Tno-rr,pr'H .Uirry. 

H - «''rin£:n''s k *' «''rtT-< 

Tn, -2 mnnom’’tn* A mtrcurc romp*n<Tt^?ir, 
r flott^'iir p^rf'O*, 

r tnni!>o!its enrrgi^trrur*. 

oil 1ft diniimitioii dii poiils jx'riphoriquo indupi*' In jiri'--ioti 
tion do.'^ dernierf.s pul.-=ftt ion's p!:rij'h('riquf-,< it\riiq!if' i.i pr-":";. 
cbnni^oinont do la ronrbo nnarrote cn fourb" fatnrro:>- c.n t.-.i;! qa‘- 
pro.';<ion s^-.^toliquo ^lati'ralc' tic v. Kcolcliricliftt!*-'-'':! 5ar ros-:!!f>.'r.sr:; 
cst inoins coiietant. L'ondc prcanarrotiquc ii'^gativc d'J',r!:iti::<'r (1'- 
qiic pigno tic la prc-:,<ion diasfoh'tjuc a etc roji-tat*''* dan's p-' 4- ' ' ■• 

avee Ic tambour enrcci'-trctir place au-dccsuc dc la niiutal'’. 
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Fig. 2. Trace obtenu par lo sphygmotonograplio (1/1). 

A I’aide d’une formule modifi^e d’Ap6ria^ (1941) on pent apprecier le debit 
veiitricuiaire (index cardiaque) ainsi que la resistance peripberique d’apres la 
formule indiquee par Bazett (1935). 

a . 1 . d 


.3 Py 

1 = --; = 

V* . s I 


soit 

I = index cardiaque = ddbit ventriculairo/siirface du corps. 

R = resistance periphdrique. 

n = amplitude = pression systolique pression diastoliquo. 

1 = longueur des vaisseaux mesureo depuis la promidrc articulation costostornalc gauche jusqu'au 

Poupart, augmenteo do 10 cm. 
d = diamdtro aortiquo d’npris Suter (1897). 

V = Vitesse do I’ondo pulsatoire. 

s = surface du corps d’aprds lo tableau drcssd par du Bois. 
c == constanto = 0.02 contenant 

Ics coefficients compensatours pour obtcnir »!» en 1/min/m- en exprimant »n» cn mm Hg i'l>> cn 
cm, i>d» en cm' »vi> en m/scc et m en m', 

puis une correction de la longueur totalo des vaisscau.x ctablio par Aperia, 
la masse specifique du sang 

et lo coefficient adaptant lo produit au resultat trouvm par lo procedo de Fick, 

Py = pression moyenne. 
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L’appareil ])ertnet iVcnrcgistror quflquc-i autre- J, ^ ^ . , 

de la pre??ion arterielle suivant lo-s differentes coiKlitiou? p'vi!,iq>:- • i‘ p-,-..;. ■. . 
(Bickel, 1010), soit d’autres investigations spliyginographiq'c. 

Sniii mary. 

A description is given of a portable spliygmotonograph ui H adapt .-.j f„r cr,.;' 
registering of the systolic and diastolic blood pressure as veil ns re-pimti t 
pulse-wave velocity. 
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On tlie Artificial Kidney XXYI. 

Hypopotassaeniia in General Hypothermia in Eabhits and its Control 

hy Dialysis. 

By 

Ka.1 G. NIELSEN. 

(Submitted for publication Jnnuari 11, 1954.) 


Elliott and Crismon (1947), also Bigelow and collaborators (1950) found hyperpotassae- 
mia in general hypothermia in rats and dogs, which was presumably of toxicologic signif- 
icance. 

This present experimental report refers to emplojmient of the artificial kidney for 
simultaneous chilling of the blood of rabbits and correction of the expected hyper- 
potassaemia by dialysing the blood in auvo against suitably composed electrolyte 
solution of low temperature. 

1. Control experiments (30 rabbits); Hypothermia was induced by means of a 
technique similar to the one employed by KJscb (1923), to raise the temperature of 
rabbits. Boerema and collaborators (1950) chilled dogs by cooling the blood in an 
extracorporeal system. 

The blood was pumped by blood-pressure from arteria carotis, through a spiral-sha])ed 
glass tube, back to the vena jugularis. The tube lay immersed in icy cold water. After 
108 i 40 min. (Standard delation) the rectal temperature of the animal had fallen to 
23° C. and after 124 ± 53 min. to 22° C. In one experiment the temperature was, at its 
lowest, 19.5°, on the average 22. i + 1 .g° C. Initial Nembutal narcosis. The frequeiic}’' 
of respiration sank from 57 + 21 to 10 :4i 6/niin., pulse frequency from 304 15 to 49 i 

8/min. and the blood-pressure from 97 15 to 37 4^ 12 mm Hg. 

Contrary to earlier reports in literature there was a significant decrease of scrum 
potassium of 0.62 ^ 0.12 mEq {n = 14). Serum calcium and protein as well as 
the hemoglobin revealed no significant changes. 

2. Experiments with the artificial kidney {AlwalVs dialyser-idtrafiller). (15 rabbits): 
i\ ormal scrum potassium in hypothermia was maintained in these experiments. Dur- 
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ing such hloodchilling, lifpnrinization lidow --onK' no' (• j, ttoni!-.- , 
i. f. thp mctliotl (low not involve ri'k of h!c,-flitig. 


The i) 0 =sil)ility of los-^rnin” thi> ri.-k in tin- dblv,.:.; of urr!!-.:,. 

by toweriiif- the tein])or:itur.- of the ob-otrolyt.- .M>!,niu!i Ir-hr. 
uill be the oljjoct of future htiulioH m thi> Libor. 



SMntinary. 

In cxpcriment.s witli rniibits, hypotliermm ivai ituluc.-.l throuoh ..xtr.v-..;- 
chilling of flic blood in a spiral glas-.s tube and in the artifieia! kidtu v r- j.. r 
In the latter scries, the blood was dialysed against ehill.-d ehrtroUte .-•hisior, 
normal potassium concentration. 

The control c.xperimcnt.s witli the spiral glass tube revealed, in eontr.ot !•> . 
reports in literature, a significant decrease of scrum jiotasdiini bv n..',:' . o,; ; 

(» = M). 

In e.xpcrimcnts with the artificial kidney nornnd serum jiotn'-diim w.-o. m tir,; 
during liypothcrmia. 

The investigation was carried out with the aid of a vr.aut pLie. il at tic 
Alwall, M. D., from the Thore.se and .Tohan Anders.-ou M-mori.d Kmuel.ittoii, 


LitenvtUTO. 

Bigelow. W. (b. liindsav, W. K. and t.Teenwood. W. K: Ann. Sure, p.. 

Booremn, I.. Wiidschut, A'. and Schmidt. W.J. II.: Areli. ciiir. n<erl..'!: g'.. I'.'M. 1 

ir. W. and Crismon, .1. .M.: Am. J. Bhy.siol. Vll: -Tid. IHIT. - Ki'ch. It.: .\re!i. •. I’. 

I'JS: lO.j, 192.3. 

Addrndum: Since these experiments terminated. Swan and r'h.ib. .‘•'ir 

.300 lOoS: .1. A. M. A. d'di: lOSI. IIC, 5) have reported hypojKit.f - o tiiMm i.} !-• 
among dog.s and human heings. Durinu heart oper.ition> jwrfnnned on L;-''"' '- ; 
•20'^ C. ventricular filirillation has been allayed l>y tne.ms of mjeetini,- o, p. .o . . . 

ride. 



The Third Internatioii.al Congress of Internal Medicine 
will he held in Stockholm from the 15th to the IStli September 1954. 

President: Professor Nanna Svartz. 

Secretary General: Professor Anders Kristenson. 


Two main subjects will be discussed at the congress: 

1. Hypertension. 

Pathogenesis and Treatment. 

2. Mesenchymal diseases (Collagenous diseases). 

Common characteristics and their nature. 

A certain number of other subjects will be dealt with by invited speakers. 

Address; Third International Congress of Internal Medicine, 
Karolinska sjukhuset, 

Stockholm 60, 

Sweden. 
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DEN 21. KOKDISKA KONGllESSEN rOll IXV.XllTr.s. MrauUK. 

Nordisk Forcning for Inviirtes Jlodiciii nvluMlor 21. l;oiic:r.-^^ i UiV. J 
i Stockholm den 12—14 September 1954. 

Sondagen den 12 September pa Irvrdlen sanding oeb mott.aeninci-b 

Mandngen den 13 September kl. 9.30—12.30: Ocmen'^amt ‘aiTm-..', b 
Nordisk forcning for klinisk kemi oc-h kiini^^k fysiologi. Ki. It.iHi— n.i.M 
fdredrag. 

Tisdagen den 14 September kl. 9.00 — 12.30; Eria fdrclrng. Kl, 15.o“ -! 
Erin foredrng samt gcncralfdrsamling. 

I omcdclbar nnslutning till den Nordiska kongro.-'en avlu‘d!i = ib n tr. !;>' I 
nationclla kongressen for invarlcs mcdicin, vilken tager sin brfrj.an ib :i 1' 
tember kl. 10.30 och av.slutas den IS September kl. 15.30. 

Prcliminart program oeb anmrdningsiiandiingar fir delfag.ande 
ntsandas i vanlig tid fore kongressen. 


In der Zoit vom 9.— 13. Juni 1951 fimb-t in I’.' tlin der 
3. Knit/irf '!^ j’lr ilrzthrlf f 

statt. .\ti der vi^'^en^rliaftliclien Gesfaltimg d* ' 1 regmunii- Mi.'i 'tii 1. . 

osterreichisclier, we-tdent'^clier and Ibaliti'-r I-ortbil'!iine-‘irv.’a;i!- a 
■Vnfra'vn und .Imneldimiren .‘■ind an da« Bure d-r Knner- ■ 
Fo'rtbildung c. Y., llerlin-Steditr., Klinc^nr-tra-'' 29 .■”! n-W- n. 
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^ Clinic, Karoline Institute, Stockholm, Sweden. 


Plasma Lipids and Diabetic Retiiiopatliy. 

By 

ANGELO lANNACCONEb = and TORE KORNERUP. 
(Submitted for publication September 15, 1053.) 


A strikingly increased frequency of retinopathy in diabetic patients has be- 
come evident in the past decades (16), but the factors responsible for the develop- 
ment of this serious complication have not as yet been definitely established, 
and appear to require further study. 

The observation that retinal vessels in diabetic retinopathy show fatty de- 
generation, which is most marked in the region of the capillary aneurysms, (1, 2) 
suggested a relationship between retinal disease and the blood lipid disturbance 
known to occur in diabetes mellitus. Attention was previously directed toward 
changes in serum cholesterol. Some observers reported higher cholesterol values 
in diabetic patients with retinopathy than in those without retinopathy, but 
others found no significant difference in these two groups. (6, 8, 15, 16, 20, 21). 
However, since measm'ement of cholesterol cannot be used as an accurate index 
of all lipid constituents, it is conceivable that the level of other blood lipids may 
be of more pertinence than cholesterol alone. Accordingly, the present study 
was undertaken to investigate the concentrations and interrelations of the prin- 
cipal plasma lipid fractions in diabetic retinopathy. A review of literature failed 
to reveal any similar investigation. Only Nastri and Malaguzzi Valeri (20) men- 
tioned a higher mean value of total lipids in eighteen diabetics with retinopathy 
than in nine without retinopathy; but the data were not evaluated statistically 
and, since the greatest amount was found in a patient without retinopathy, the 
authors felt justified in attaching no importance to the difference between the 
two means. In a later paper of Cristini and Roversi (9) the levels of neutral fat 
and total lipids seem to be more elevated in ten diabetics with retinopathy and 
hepatomegaly than in diabetics showing neither retinopathy nor hepatomegaly, 
but this impression cannot be supported by statistical tests for reliability, because 
insufficient details are given concerning the latter patients. 


\ Swclish Gorernment Fellow at the Department of Jletabolio Research, Wenner-Gren’s Institute 
DriSrof Institute of Meilical Semciologj'; 

- Dept, of Endocrinol., Mount Sinai Hosp., N. Y. 29. 





tAS'SArcosi: ank K.-jivs T-if 


^^ K, c thiH study uudor xvay. furtlu-r i„ th. „r p ; , 

to cIudK.- ,c retinopathy waa evoked hy ,),e finding of elnat-d v.d-- . i 
I---0 c ass of hpoprofeins in the sernn. of dinheties „i,h r. ti,.,,,-,:!,, p;'; 
in tlie stimuiating hj-pothos.s of ]}eeker (d) and Fri.-.i.-nv.aM (I- j- '.V: 
such iiat.cnts there oecnr.s n relative adrenal eortiea! hvj.-rf.ne ti.:; sU". ^ 
alinormaiities of plasma Hpids may he a.«oeiated. ' " ’ ' ' 


Jfatcrinl and .Mejlmds. 


One Inindred dinhetie in-patients of the Swedish Koundatint, Ih- •.> 

at Stockholm were studied. Xo hlood .specimens for lipid nnaiv.-i- nvr,- -‘j.'. 
ohtnined until at len.st .seven dny.s after the patients showed n umod l-v.-i of, 
of the disease, as judged hy a feeling of well-hcing, normal w.dirht, norm.d r.r,: - 
output, normal tliir.st and hunger, ah.senee of ket^innri.i, iiiod'Tati' jdvfi ''.’;;.-. 
and hj'pcrglyeemin, and freedom from insulin re.aetion'--. Hefori- and liurh.;* i, • 
pitalization the pnticnt.s received an unme.nstired norma! di<’(, eorreipoa.llii'.: v-r?, 
that for healthy Swedish people; most of them were .sho given itn'din. 
were never te.stc(l during the menstrual period. Dinhetirs with other c-eidi!; ■ 
wliich might nl.«o affect the jiia.sina lijiids, such as thyroid and liver di-.!'-', tl' 
nephrotic .snidromc, infections, xanthomattwis. were e.velii>h'<l from ihi« itco ' 
tigntion. 

Venous blood was drawn into heparinized tubes on the morning after a f.v* 
of twelve to fourteen hour.s, nml prior to insulin admini-triition; the p!.v-ma 
then .separated hy centrifugation. 

Total lipid.s were determined hy the llnm pi) graviim trie feclim'tjtn', v-!.: !. 
is ha.sically .siiniinr to those recently used hy others (l(i. M). Sotu'- in.-.' < y 
is admittedly involved in such gravimetric niet!io<is; however, ns p(iir;t'd 
hy Gertlcr and Oj'penheimer (M), tiiey are tisfful ns a ima'-nre of dififr'’"- 
between two groups of suhjetds. Total elioh'sterol determitmtioris w/ re nn'!'- t;. 
a .slightly modified Uloor method (•$). Lijtid pho'-plionis w.a« dct.-rtnirnd i.y d 
Fi.ske-Sii'hharow technique (11) upon an aleohol-neetone l•^tr.•l<■t of pl.-.^j ,, iT;. 
Valnc.s for ]>la.smn phosjiholijiids may he oht.nined liy miiitijdyim: th" v.dm - n ; 
lipid phosplioruB hy 25. The chole.«leroMipid pho^pliorns r.ntio- v,,r.' r.^'. nr.'..! 
to the nearest first decimal place. 

Analyse.s of each phisnin .sperimen were run in dujili' .nt'-. Ih" f 
of the iahoralory determinations i-s revealed hy the following -t.n.d.wd -rro: ' • 
(Inplirate differenee.s: 22 mg. per cent for total lipids. mg. p-r ..M t-r-. 
terol, and 0.10 mg. per rent for lijiid pliosjdmnis. ^ 

The fundus e.varninntion was e.arried out hy tlm direet uoag" 
no hemorrliage.s and e.viidate.s were seen in this way, tie- ewinmn* 
in monoehromatic light (A 575 m;.) according to Kono rnp 
ry.~ins, hernorrlmgi's or exudates were found hy tin- rnet.e^ . 
tiieti eotisider.'d to he free from retinopathy. Tim pre- a'- o. r. 
or hemnrrlmge was .sufficient for the diagno-i^ of r- rng'pi^a.v. 


m.-h'd. 

Jfzr; v.')* ff] 

[Ho. If t ’• 
' 1 ,.- 
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Table 1. 

Plasma lipids in diabetic patients with retinopathy. 


\ Case 
no. 


Sex 


Age 

(years) 


Dnrationj 

of 

diabetes 

(years) 


137)6 of 
retinopathy 


Total lipids 

(mg %) 


Cholesterol 
(mg %) 


Lipid 

phosphorus 
(mg %) 


1145 

234 

8.4 

1085 

273 

8.3 

700 

192 

G.o 

1145 

253 

13.4 

1140 

269 

13.8 

1650 

42G 

17.2 

1095 

300 

7.9 

1675 

365 

14.4 

1091 

390 

11.0 

950 

192 

10.5 

1015 

334 

9,9 

1035 

200 

11.4 

970 

302 

11.2 

1020 

205 

7.4 

873 

268 

8.0 

1340 

374 

12.6 

1095 

279 

8.8 

1430 

485 

14.6 

1055 

317 

11.8 

1600 - 

401 

14.2 

11.35 

I 320 

10.8 

1000 

1 268 

17.0 

1220 

246 

15.2 

1107 

369 

15.1 

1060 

221 

1.3.0 

900 

253 

7.7 

800 

196 

8.1 

1100 

341 

12.0 

1165 

297 

9.S 

1766 

465 

14.2 

950 

255 

8.5 

1012 

287 

S.8 

960 

295 

11.7 

782 

225 

15.8 

1250 

283 

13.1 

1350 

335 

14.3 

1145 

205 

8.7 

1080 

253 

8.1 

850 

249 

11.2 

1235 

370 

11.1 

1055 

286 

20.0 


Cholesterol- 
lipid phos- 
phorus ratio 


i I 

i 2 
I 3 
I 4 

I 6 

I 6 

7 

8 
9 

10 

II 
12 

13 

14 

15 
IG 

17 

18 

19 

20 
21 
29 

23 

24 

25 
96 

27 

28 
29 

i 30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 


M 

F 

F 

F 

M 

M 

51 

F 

F 

F 

F 

F 

51 

51 

F 

F I 
F 


51 

F 

F 

51 

F 

F 

F 

F 

51 

F 

51 

51 

F 

F 

51 

F 

51 

P 

F 

51 

51 

F 

F 

P 


17 

19 

20 
20 

24 

25 

26 
28 
28 
33 

33 

34 

37 

38 
38 
38 

40 

41 

43 

44 
46 
46 
49 
49 
49 
52 
52 
55 
57 
57 
57 
GO 
61 
66 
65 

65 

66 
67 

67 

68 
73 


11 

4 

16 

17 
9 

14 
11 
21 

15 
8 
7 

22 

7 

0 

16 
13 

18 
12 

19 
10 

20 
27 

5 

11 

8 

8 

21 

8 

9 

16 

3 
24 

11 
8 
9 

16 

4 

20 

15 

6 

12 


Hemorrh 

Hemorrh 

Prolif. 

Prolif. 

Hemorrh, 

Prolif. 

E.xud. 

Prolif. 

E.Tud. 

Exud. 

E-xud. 

E.xiid. 

Prolif. 

Exud. 

Hemorrh. 

Hemorrh. 

Exud. 

Exud. 

Exud. 

Hemorrh. 

Exud. 

Exud. 

Exud. 

Exud. 

Exud. 

Hemorrh. 

Exud. 

Hemorrh. 

Exud. 

Exud. 

Exud. 

Prolif. 

Exud. 

Hemorrh. 

Exud. 

Exud. 

Exud. 

E.xud. 

Exud. 

Hemorrh, 

E.xud. 


27.9 

32.9 
29.1 

18.9 
19.5- 
24. S 

38.0 

26.3 

35.. 5 

18.3 

33.7 
17.5 

27.0 

27.7 

33. . 5 

29.7 

31.7 

33.2 
26.9 

28.2 

29.0 

15.8 
16.2 

23.8 
16.2 

32.9 

24.2 

27.1 

30.3 
32.7 

30.0 

32.0 

25.2 

14.2 

21.6 

23.4 
23.6 

31.2 

22.2 

33.3 

14.3 




Results. 
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Tnlile i 

ritiftim Upilh ill diftb-'lic p'ltirnt.f ri.'!i 


Cl'*'; 

no. 


Sox 


3 

4 

5 

r> 

7 

8 

9 
10 
11 
12 
13 
M 
15 

10 
17 
IS 

19 

20 

21 

22 

23 

24 

25 
i 20 

27 

28 

29 

30 

31 

32 

33 
31 
35 
30 
37 
3S 

39 

40 

41 


Age 

(yc.ir-i) 


r S 

I- 

M 

F 

M 

M 

]-• 

F 

F 

M 

F 

F 

M 

Jl 

F 

F 

F 

M 

F 

F 

F 

F 

]' 

F 

F 

M 

F 

]• 

F 

!■ 

M 

M 

M 

M 

M 

>I 

M 

F 

1 ' 

F 

•M 


Duration of 
(iialK'te* 
(year?)' 


Total lipMi 
(n>g %) 


G.ol 

(a 


43 

M 

41 

F 

45 

I- 

■lO 

M 1 

47 

F 1 

48 

i 

49 


.79 

M 

51 

r 

52 

F 

53 

F 

51 

>• 


15 

10 

17 

18 
19 
19 
19 
22 
00 

24 

24 
21 

25 
27 
29 

29 

30 
32 
32 
32 

31 
35 
30 

38 

39 

40 

40 

41 

41 

42 

43 
43 
45 
45 
40 
40 
47 

47 

48 

49 
.'/) 
51 

51 

52 
5j 
55 
.55 
.5i; 
5*; 
59 
59 
f.<J 
r,l 
01 


)9 arir* raf'n* 


0 

7 
0 
1 

8 

9 
0 
0 

10 
0 

15 

7 

4 

3 

0 

t> 

9 

0 

7 

1 

0 

13 

0 

27 

7 

1 

9 

3 

0 

fi 

13 

0 

0 

(1 

0 

0 

11 

5 

0 

d 

n 

9 

(» 

0 

1 
() 
•) 

18 

14 

0 


tl.an 1 y 


S-'J) 

1200 
StO 
995 
9.VI 
015 
900 
735 
1150 
SO.') 

930 

090 

75<) 

1005 

t'O.; 

750 

1.375 

835 

010 

77*» 

1000 

1145 

85/1 

13.30 

1030 

900 

815 

9''.0 

1150 

1095 

810 

S'.*!! 

95/1 

1320 

1230 

1320 

7e5 

813 

vitl) 

iiro 
1(V.!7 
7' 15 
975 
9*0 
('5'5 
1115 
13.'5> 
925 
lfA5 
1525 
lf.55 

yi'i 

)1 Vf'.r* nv 


^ ‘:o) 

1.;; ! 

f 9^ 


s . ’ . 

‘ • J 

If".' 1 

;• < r.’ . 

2'5 ’. 

9.1 

- ^ * 

275 i 

i".» 

t‘ t 

127 i 

s.t . 

\ \ 

210 ! 


' 1 ', 

•J-'X 

i:’. 

. * 

l.'A i 

t'.n 

’ * 

lf'.2 i 


! ‘ ^ 

149 ; 


17.5 

; 

‘V>1 J 

4 .2 ' 

r. 

217 ! 

r..i 

^ ‘ ( 

211 ■ 

i 

: ' 1 

171 i 

<.■3 

* 

1 

I'M 

h ' 

23f! 1 

7 . 1 : 

./* ^ 

241 

o.f, 

• 

2.31 

13.': 

5*/ 

20.5 

9.0 


‘>■’3 




115 

30 

274 

2.V) 

2!'2 1 

i’.'d 1 

107 

.391 ! 

191 ' 

212 i 

•' >5 I 

2.53 i 

174 i 

383 
201 
2.7! 

320 

2C. 

•j.ii 

ii'^i 

493 

321 

151 
212 

152 

r,- •> 

F.-O 

.3"! 

322 

I’.O 

411 


,ra-. 1 


I\.ri 

11.4 
12.'-. 
7.1 
'I s 

lb/. 

9.3 
11.3 
ll.r. 
11. t 
13.n 

9.t 

7.1 

9.4 

13.4 
11 . « 
li'.f 

9.U 

'•M 

io!: 

11.‘ 


jf, ^ 


IT" 

I.'.-: 

) ' r 


1 - 
■r>r 
2 !.: 


j.« 

31 1 
!'• ■- 
'.'i : 
17.5 
2" * 

11 ' 
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1 Cnsc 

no. 

Sex 

Age 

(years) 

Duration of 
diabetes 
(years) 

Total lipids 
(mg %) 

Cholesterol 

(mg %) 

Lipid 

phosphonis 

(mg %) 

Cliolesterol- 
lipid phos- 
phorus ratio 

55 

F 

66 

4 

995 

322 

12.9 

26.0 

56 

M 

67 

4 

1005 

237 

16.6 

14.3 

57 

F 

67 

8 

930 

333 

8.2 

40.G 

58 

31 

75 

G 

690 

168 

8.3 

20.2 

59 

F 

77 

0 

1415 

342 

14.1 

24.3 


Table 3. 

Means and their standard deviations and standard errors of -plasma lipid values in diabetic 
patients with and ivillioiit retinopathy. 



[ Total lipids 
(mg %) 

Cholesterol 
(mg %) 

Lipid 

phosphorus 

(mg %) 

Cholesterol- 
lipid phos- 
phorus ratio 

1 

! Patients with retina- 

Jlean 

1120 

294 

Il.G 

26.3 

pathy (41 cases) 

Standard deviation 

231.5 

73.2 

S.IG 

6.40 


Standard error 

36.2 

11.4 

0.49 

l.QO 

Patients without re- 

3Iean 

1002 

263 

10.7 

25.5 

tinopathy (59 

Standard deviation 

248.2 

83.8 

3.10 

7,94 

cases) 

Standard error 

32.3 

10.9 

O.io 

1.03 


tinopathy was exhibited by the remaining 59 subjects (23 males and 36 females), 
aged 15 to 77 years, with a duration of diabetes from a few months to 27 years 
(table 2). 

The means, and their standard deviations and standard errors of lipid values 
obtained in each group of patients are recorded in table 3. Mean cholesterol, 
mean lipid phosphorus, and mean cholesterol-lipid phosphorus ratio were higher 
in subjects with retinopathy than in those without retinopathy; the differences 
however, are not statistically significant (P > 0.05). The average amount of total 
lipids was also greater in patients with than without retinopathy; this difference 
IS statistically significant (P < 0.05),i 

In neither group did lipid levels appear to be related to the age of the patients 
or to the duration of diabetes. ^ 


comment. 


is ^tnfesterol concentration of diabetics with retinopathy 

IS not significantly increased m comparison with diabetics without retinonathv 

rtudy‘'fw"tbarth observations (6, 15, 20). In addition, our 

stucij shows that the plasma lipid phosphorus level and the cholesterol linid 

-I d iPi, values were calculated according to Snedecor (23). 



416 


AXGELO lANXACCONE ANO TORE KOKNERaP. 


however, be definitely answered by the data presented here, and woidd require 
further investigation. 

The significance of the elevation of plasma total lipids in diabetics with retino- 
pathy IS difficult to assess. Of particular interest in this connection is the above 
mentioned hypothesis of Becker and Friedenwald that the retinopathy of the 
diabetic patients may be due to an increased secretion of cortisone or related 
substances (3, 12, 13). Administration of cortisone to normal rabbits leads, in 
fact, to a marked degree of lipemia with a rise of serum fatty acids (IS, 22). 
Moreover, alloxan diabetic rabbits injected with ACTH or cortisone show lesions 
resembling early diabetic retinopathy (3, 13). On the other hand, as emphasized 
by Friedenwald (13), lipemia does not readily result from cortisone treatment 
in rats; these animals also fail to exhibit retinal capillary aneurysms under the 
experimental conditions that produce such alterations in rabbits. Our finding 
that total lipids are higher in the plasma of diabetics with retinopathy might 
then be related to increased adrenal cortical activity in these patients. 


Smumary. 

Total lipids, cholesterol, lipid phosphorus and cholesterol-lipid phosphorus ratio 
were determined on the blood plasma of 41 diabetics with retinopathy and 59 
diabetics without retinopathy. A significant elevation of plasma total lipids was 
found in diabetics with retinopathy. This observation is discussed in relation to 
the recent h}'pothesis of increased adrenal cortical actmty in diabetic patients 
showing retinopathy. 

Wo expres? our gratitude to Mod. Dr. Jokob Mollerstroni for the laboratory facilities offered us 
at the Department of Jlotabolio Rosearcb. Wenner-Gren Institntc, and for opportunities to study 
patients at tho Swedish Diabetes Foundation Hospital. 
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Plasma Lipids and Diabetic Atlierosclcvosis, 

By 

ANGELO lANNACCONE * “ and JAKOB MOLLBRSTROM. 
(Submitted for publication September 15, 1953.) 


The importance of deviations in the serum lipids for the genesis of experimental 
atherosclerosis, and the tendency of diabetic patients to show hyperlipemia suggest- 
ed that aberrations of blood lipids might account for the frequent occurrence of 
atherosclerosis in diabetes mellitus. However, while some investigators (2, 18, 19) 
observed higher cholesterol concentrations in diabetics with atherosclerosis, than, 
in diabetics without atherosclerosis, others (3, 11, 13, 14, 17) failed to confirm these 
findings. Similarly, it was both affirmed (2) and denied (3, 9, 13) that an evident 
relationship exists between the level of certain blood lipoproteins and the incidence 
of atherosclerosis in diabetic patients. 

Following the demonstration that phospholipids exert a stabilizing effect on the 
other blood lipids and an increased serum cholesterol-phospholipid ratio appears to 
favour the development of cholesterol atherosclerosis in tlie rabbit (1, 5, 16), 
attention was also given to the ratio of serum cholesterol to phospholipids. Po- 
meranze and Kunkel (18) reported, in fact, higher cholesterol-phospholipid ratios 
in 25 diabetic patients with severe atherosclerosis than in 26 with moderate or no 
atherosclerosis. In addition, they found a higher percentage of diabetics with 
severe atherosclerosis to have total lipid levels above 750 mg per cent. Since wc 
studied the plasma lipid pattern in a somewhat larger series of patients and our 
conclusions are notin keeping with those of Pomeranze and Kunkel, it seemed worth 
while to publish our results. 


■uaxerial and luetliods. 

nhlSl cholesterol, lipid phosphorus and cholesterol-lipid 

Pio^s ratm were determined in 35 unselectod diabetics with definite ovidice 

and tSSroHhf Bcsoaroli. Wenner-pren’s InstiUUe. 

leave of absence from the Institute of Medical i tt**® ^ J’cnr 1952 — 53, wiiilo on 

^ Dept, of Endocrinol-, to N y!ll: 
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of atherosclerosis and 35 unselected diabetics -vvitbout manifest atherosclerosis. All 
subjects used for the present investigation were in-patients of the Hospital of the 
Swedish Diabetes Foundation at Stockholm. 

Criteria for the diagnosis of atherosclerosis were: a typical history of myocardial 
infarction, clinical and electrocardiographic signs of coronary insufficiency, gan- 
grene of the feet, or unequivocal evidence of atherosclerotic change in the ocular 
fundi. The patients considered to have no manifest atherosclerosis all showed no 
history and no physical signs or symptoms of coronary disease, of peripheral 
arterial disease or of cerebrovascular accidents, normal electrocardiogram, no 
retinal sclerosis, no radiographic vascular calcification in the lower extremities, 
normal oscillometric readings, and normal skin temperature of the toes as measured 
by a thermocouple. However, since atherosclerosis may occur without symptoms 
or signs, it is recognized that subjects with hidden atherosclerosis may be clini- 
cally classified as free from atherosclerosis (10, 18, 21). As pointed out by Gould 
(8), comparisons of living individuals with and without atherosclerosis are actually 
comparisons between different anatomic localizations and different degrees of 
severity of ateromatous lesions. 

Metabolic conditions of the patients at the time of blood collection and methods 
for lipid analysis were the same as described in a previous communication from this 
Department (12). 

Double analyses of each plasma specimen were made and the following standard 
errors of duplicate differences' were obtained: mg 19.7 per cent for total lipids, 
mg 6.6 per cent for cholesterol, and mg 0.14 per cent for lipid phosphorus. 

Results. 

The values for total lipids, cholesterol, lipid phosphorus and cholesterol-lipid 
phosphorus ratio in each patient are indicated in tables 1 and 2. 

The mean values are recorded in table 3 along with their standard deviations 
and standard errors. All average values were higher in diabetics with atherosclero- 
sis than in diabetics without atherosclerosis, but none of the differences is statisti- 
cally significant (P > 0.05). 

Since a sex difference has been claimed to occur in the levels of plasma lipids 
of normal subjects (7), the diabetics studied were subdivided according to sex, and 
patients of the same sex were compared (table 4). No difference in plasma total 
lipids, cholesterol, lipid phosphorus or cholesterol-lipid phosphorus ratio was 
apparent between male diabetics with and without atherosclerosis. Female diabet- 
ics with atherosclerosis showed statistically higher values of plasma cholesterol 
and total lipids than female diabetics without atherosclerosis, while lipid phos- 
phorus and cholesterol-lipid phosphorus ratio were not significantly different. 

In the present material atherosclerosis was more frequent in older diabetics 
(fig. 1). Since in health and coronary artery disease there is a tendency for increase 

' Standard error of duplicates = ’ where J = difference between duplicate analyses, and 

K = number of pairs. 
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TnMe 1, 

Plasma lipids in diabetic patients with atherosclerosis. 


Case 

no. 

Se-it 

Age (years; 

I Duration o 
diabetes 
(years)' 

^ Total lipids 
(mg%) 

Cholesterol 

{nig%) 

Lipid 

phosphorus 
(mg %) 

Cholesterol- 
lipid phos- 
phorus ratio 

1 

51 

24 

9 

1,140 

269 

13.8 

19.5 

2 

51 

38 

6 

1,020 

205 

7.4 

27.7 

3 

F 

38 

16 

873 

268 

8.0 

33.5 

4 

51 

40 

13 

900 

167 

9.3 

18.0 

5 

F 

42 

1 

1,095 

225 

13.0 

■ 17.3 

6 

F 

44 

10 

1,500 

401 

14.2 

28.2 

7 

51 

46 

20 

1,135 

320 

10.8 

29.6 

8 

51 

46 

0 

1,320 

320 

10.9 

29.4 

9 

F 

47 

0 

843 

260 

8.4 

31.0 

10 

51 

48 

0 

800 

384 

10.8 

35.6 

11 

F 

49 

0 

1,150 

513 

15.1 

34.0 

12 

51 

51 

5 

705 

321 

8.8 

36.5 

13 

51 

52 

8 

900 

' 253 

7.7 

32.9 

14 

16 

F 

F 

52 

54 

0 

0 

960 

655 

212 

152 

lO.G 

6.8 

20.O 

22.4 

16 
•1 n 

51 

55 

8 

1,100 

341 

12.6 

27.1 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

F 

51 

F 

F 

51 

F 

51 

F 

F 

51 

F 

F 

51 

F 

F 

F 

F 

51 

F 

56 

57 

57 

57 

59 

59 

60 

60 

64 

65 

65 

65 

66 

67 

67 

• 68 

73 

76 

77 

1 

9 

16 

3 

0 

2 

24 

8 

9 

16 

4 

8' 

15 

<J 

12 

6 

0 

1,005 

1,155 

1,765 

950 

1,525 

1,655 

1,012 

1,500 

865 

782 

1,250 

1,350 

1,145 

930 

850 

1,235 

1,055 

690 

1.415 

322 

297 

465 I 
255 

206 

459 

287 

411 

339 
' 225 

283 

335 

205 

333 

249 

370 

286 

168 

342 

7.8 

9.8 

14.2 

8.r> 

20.0 

17.9 

8.8 

12.2 

10.7 

15.8 

13.1 

14.3 

8.7 

8.2 

11.2 

11.1 

20.0 

8.3 

14.1 

41.3 

30.3 

32.7 

30.O 

10.3 

26.6 

• 32.6 

33.7 

31.7 

14.2 

21.6 

23.4 

23.6 

40.6 

22.2 

33.3 

14.3 

20.2 

24.3 


.a, actuau, IS Soso.e- 

diabetics with atherosclerosis is contrasted wiH, ’ ^ ^ f/ 

comparable age without atherosclerosis no -r f diabetics of 

plasma lipid fractions is evident betwe’ +L ^S^^ficant difference in anj of the 

evident between the two groups (table 5). 




total lipids, clolesterol, lipid pVosil \”V'S“®^^ ™ plas- 

W^esdst Ween 

““■“oscWos.s, Of interest in 
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Tabic 2. 


Plasma lipids in diahelic patients wilhoxil atherosclerosis. 


j Case 
i no. 

1 

Sex 

Age (years) 

Duration of 
diabetes 
(ycars)^ 

Total lipids 
(n>g %) 

Cholesterol 
(rag %) 

Lipid 

phosphorus 
(rag %) 

Cholesterol- 
lipid phos- 
phorus ratio 

I 1 

F 

15 

2 

850 

285 

9.1 

31.3 

1 2 

51 

17 

11 

1,145 

242 

8.8 

27.5 

! 3 

F 

18 

2 

995 

240 

7.0 

34.3 

: 4 

51 

19 

0 

950 

288 

13.0 

22.2 

; 5 

F 

19 

0 

960 

162 

lO.O 

14.9 

G 

F 

22 

1 

735 

149 

8.1 

17.7 

; 7 

F 

22 

8 

1,150 

298 

12.C 

23.7 

i 8 

51 

24 

9 

865 

290 

7.3 

39.7 

1 9 

F 

24 

0 

690 

211 

8.3 

25.4 

1 10 

51 

25 

10 

750 

171 

7.2 

23.8 

11 

51 

27 

I 0 

' 1,065 

183 

10.3 

17.8 

12 

F 

28 

^ 15 

' 1,091 

390 

11.0 

85.6 

' 13 

F 

29 

15 

906 

230 

7.G 

30.3 

. 14 

F 

32 

0 

i 640 

: 223 

9.8 

22.8 

15 

F 

32 

2 

775 

115 

6.0 

19.2 

16 

I F 

33 

8 

I 950 

, 192 

lO.s 

18.3 

’ 17 

‘ F 

34 

22 

' 1,035 

; 200 

11.4 

17.5 

I 18 

! F 

35 

0 

i 1,145 

' 274 

12.0 

21.7 

19 

■p 

3G 

7 

■ 1,330 

292 

, 9.5 

30.7 

20 

1 p 

38 

1 

850 

i 250 

7.1 

35.2 

21 

F 

39 

0 

1 1,030 

250 

lO.c 

1 23.G 

22 

1 V 

40 

0 

' 815 

1 394 

11.5 

1 34i3 

' 23 

: 24 

' 25 

, 26 

1 27 

i 28 

i 29 
; 30 

! 31 

, 32 

, 33 

34 

1 35 

! 

F 

1 M 

1 51 
i M 
; 51 
i F 
' F 

51 

F 
' F 

F 

51 

41 

41 

43 

45 

45 

40 

49 

49 

52 

55 

60 

60 

! 67 

12 

27 

3 

0 

6 

13 

11 

8 

14 

0 

14 

11 

4 

: 1,430 

1 960 

' 890 

950 

1,320 

1 1,230 

1,107 

1 1,060 

' 1,390 

, 1,355 

890 

960 

1,005 

1 485 

1 191 

' 174 

1 383 

'■ 291 

, 250 

359 

' 221 

293 

199 

394 

1 295 

i 237 

14.C 

ll.c 

7.4 

9.2 

i 13.2 

1 11.4 

15.1 

1 13.C 

14.2 

17.2 
i 12.G 

1 Il.T 

; 16.0 

1 33.2 

1 16.5 

23.5 
; 41.0 

1 22.0 

^ 21.D 

’ 23.8 

16.2 
i 20.C 

11.0 
! 31.3 

! 25.2 

1 14.3 


this connection is the ^vork of Stamler (22), who reported that ^ ® ' 

terol-phospholipid ratio does not prevent aorta 
treated cockerels. Recently Katz et al. (13) found no 

the cholesterol-phospholipid ratio of non-diabetic patients with coro . y c y 

disease and normal controls. thp ntrp 

Our observations also emphasize the importance of taking ° 
and sex of patients when data on plasma lipids are being ® 

It will be seen from tables 1, 2 and 3 that both diabetics wi , lirdds. 

diabetics without atherosclerosis may show elevated or ow e^e s -nlasma. 

cholesterol, lipid phosphorus and cholesterol-lipid phosphorus ra lo ,. 

Therefore none of these measurements can be used as a discriminator between dia 
betics with and without atherosclerosis. 

1 »0 year* means »!es 5 than 1 year», »1 year» means »from 1 year to less than 2 years*, and so on. 
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Pig* 1. Distribiiihn of the patients according io age. Each sj’mbol represents oho patient. 



i-'urarion ot diobcfes 
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TftWe 3. 


Stalistkal significance of the differences between the means of plasma lipid values in diabetic 
patients with and without atherosclerosis. 



Total lipids 

Cholesterol 

Lipid 

phosphorus 

Cholesterol- 
lipid phos- 
phorus ratio 

First p;roup: Patients fMean 

(rag %) 
1,092 

278,4 

47.1 

1,008 

200.8 

33.9 

(“g %) 

299 

86.C 

14.C 

2CD 

81.4 

13.7 

(mg %) 

11.5 

3.47 

0.59 

10.8 

2.83 

0.48 

— 

] 

27.1 

7.55 

1.28 

24.8 

7.57 

1.28 

ivith atherosclerosis 1 Standard deviation 
(35 cases) (Standard error 

Second group; Pa- /Mean 

tients without athe- < Standard deviation 
rosolerosis (35 cases) (Standard error . . . 

Differences between flic means of the first 

and the second group ' -5-84 1 -f 39 

+ 0.7 
0.D24 
> 0.05 

+ 2.3 

1.272 
> 0.05 


As akead}' noted, in our series the incidence of atherosclerosis rras higher in 
older diabetics (fig. 1), vrhile the duration of clinical diabetes raellitus vras similar 
in diabetics mith and mithout atherosclerosis (fig. 2). This contrasts with the wide- 
spread opinion that the duration of diabetes is the most important factor in the 
development of atherosclerosis in diabetics (4). However, our findings are consistent 
with the data of Semple (20), who observed that the occurrence of peripheral ar- 
terial disease in diabetics was related to increasing age but not to the duration 
of the diabetes. 


Summary. 

Plasma total lipids, cholesterol, lipid phosphorus and cholesterol-lipid phospho- 
rus ratio were determined in 35 unselected diabetics with emdence of athero- 
sclerosis and 35 unselected diabetics without manifest atherosclerosis. Ko signif- 
icant difference was found between the two groups. 

The importance of considering the age and sex of patients when plasma lipid 
values are being interpreted, is stressed. 

In the present series increasing age appears to be a more important factor than 
the duration of the diabetes in the development of atherosclerosis. 

tVe wish to thank Dnc. T- Kornerup, M. D. (Ophthalmic dime, ICarolinska Sjukhuaet, Stockholm) 
for examiiiation of the ocular fundi. Doc. T* Sjostrand, M, D. (Head of the Laboratory o 
Physiology, Karolinska Sjukhuset, Stockholm) for help in interpretation of clectrocarmograms. Ihe 
chemical work was performed at Emma and B. A. Hjorth’s department of Metabolic Researc in 
Wenner-Gren's Institute. Also vre wish to express our thanks for escelleat help in per orming e 
analyses to Sirs. Eva LSfgren and ilr. Ake Wendborg and to A. B. Astra for financial assistance. 

1 ft* and tPi values were calculated according to Snedecor, G. W.; Statistical Methods. Iona. 
College Press, 1950. 
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Table 4. 


Sladsdcal significance of the differences beliceen the means of plasma- lipid valves in diabetic 
patients with and without atherosclerosis divided according to Sex. 


1 " 

1 A) FEJIALES 

1 

Total lipidi 

3 Cholesterol 

Lipid 

phosphorus 

Cholesterol- 
lipid phos- 
phorus ratio 

First group; Patients [Mean 

with atherosclerosis < Standard dcviatio 
(20 cases) (Standard error . . 

Second group: Pati- [Mean 

ents 'without athe- -vStandard deviatioi 
rosclerosis (23 cases) (Standard error . . 

1 (mg %) 

- 1,145 

n 303.6 

67.9 

969 

a 182.7 

38.1 

1 (mg %) 
324 

92.5 
20.7 

253 

77.6 
16.2 

(mg %) 

12.0 
3.52 
0.7 S 

10.7 

2.68 

0.56 

28.1 

, 7.34 

1.64 

24.4 

7.20 

1.51 

Differences between the means of the firs: 
and the second eroiip 

t| 

, + 176 

2.337 
< 0.O3 

+ 71 

2.737 
< O.oi 

+ 1.3 
1.373 
> 0.O5 

1 

+ 3,7 

1.659 
j > 0.05 

p 

L 

1 B) JIALES 

j 

1 

! 

Total bpids 

Cholesterol 

Lipid 

phospJioriis 

Cholesterol- 
lipid phos- 
phorus ratio 

1 

f 

U. 

) First group: Patients (Mean... 

vith atherosclerosis {Standard deviation 
(15 cases) 1 Standard error .. . 

Second group: Pati- (Mean 
ents without athe- {standard deviation! 
j_ rosclerosis (12 cases) (Standard error ... 

(mg %) 1 
1,022 

232.2 

60.0 

1,082 

220.3 

63.7 

(mg %) 

265 

66.6 

17.2 

274 

90.1 1 

26.0 

(mg %) 1 
10.9 

3.43 

0.88 

11.1 

3.17 

0.91 

25.8 

7.89 

2.04 

25.7 

8.37 

2.41 

Uitlerences between the means of the fimti 
flnd the second croup | 

— GO 

0.682 
> O.Oo 

— 9 

0.299 
> 0.05 

~ 0.2 

0.155 j 
> 0.05 1 

+ 0.1 

0.031 
> 0.05 


xteierences. 

.nXnt I |“rv t ?oS“S ? 

and bIZ Tv n 52, 299 iToO H P ~ 5. Duff, 
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TiiJilo 5. 


Statislical signijicance of the differences between the means of 'plasma lipid values in female 
diabetics of comparable age {ranging from 3S to GO years). 



Total lipids 

Cholesterol 

Lipid 

phosphorus 

Cholcsterol- 
lipid phos- 
phorus ratio 


(mg%) 

1,163 

355.8 

102.8 

1,003 

163.5 

54.5 

(rag%) 

329 

117.1 

33.8 

284 

80.7 

26.9 

(mg %) 
11.4 
3.55 
1.02 

12.3 

2.85 

0.95 

29.1 
6.81 
1.90 

24.2 
8.34 
2.78 

■with atherosclerosis < Standard deviation 
(12 cases) | Standard error 

Second group; Pati- I Mean 

ents ■ndthout athc- ■/standard deviation 
rosclerosis (9 cases) (Standard error ... 

Differences between the means of the first 

-f 160 

1.2t8 
> 0.05 

+ 45 

0.98G 
> 0.05 

— 0.9 
0.C25 
> 0.05 

+ 4.9 
1.485 
> 0.05 

t r, . . " 

p 


12. lannaccone, A. and Kornerup, T.; Acta Med. Scand. 148, 411, 1954. — 13. Katz, L. B., 
Ehodes, G. J., George, R. S. and Jloses, C.: Am. J. Med. Sc. 225, 120, 1953. — 14. Keiding, 
N. E., Mann, G. V., Root, H. F., Lawry, E. Y. and Marble, A.: Diabetes 1, 434, 1952. — 
15. Keys, A., Mickelsen, 0., Miller, E. v. 0., Ha}’es, E. R. and Todd, R. L.: J. Clin. Inves- 
tigation 29, 1347, 1950. — 16. Ladd, A. T., Kellner, A. and CorrelJ, J. W.; Fed. Proc. 
S, 360, 1949. — 17. Man, E. B. and Peters, J. P.: J. Clin. Investigation 14, 579, 1935. — 
ik Pomeranze, J. and Kunkel, H. G.; Proc. Am. Diab. Ass. 10, 217, 1950. — 19. Rabino- 
witch, I. M.: Arch. int. Med. 43, 363, 1929. - 20. Semple, R.: Lancet 1, 1064, 1953. - 21. 
Spain, D. M., Bradess, V. A. and Huss, G.: Ann. int. Med. 38, 254, 1953. - 22. Stamler, 
J.: Med. Clin. North Am. 36, 177, 1952. 
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Studies in tlic Utilization of Pentoses in Diabetes. 

By 

MANFRED LOOS. 

(Submitted for publication, September IB, 1953.) 


At the turn of the century numerous authors made pioneer studies on pentoses 
u'ith reference to man and animals. On many major questions no agreement could 
he reached, and many features remained unsolved. Consequently the interest in 
the pentose problem abated, and not until about 1930 was the matter taken up 
again, by Grafe and his co-workers. In the course of their very extensive in- 
vestigations they studied xylose, the wood-sugar with regard to its reactions in 
persons with normal metabolism and in diabetics. Here, Grafe came to the con- 
clusion that both the normal and the diabetic organism react in the same w'ay 
when supplied with xylose. Eesorption and digestibility are very good. The metab- 
olism of pentose progresses independently of that of dextrose. A small part of 
the xylose remaining in the body is retained, whereas the main amount is com- 
busted to a considerable extent — a process which was clearly established by Marble 
and Strieck, during their extensive respiration-tests, by the steady and distinct 
rise of the respiratory quotient. In the most serious cases of diabetes, xylose was 
almost the only nutrient which caused the quotients to rise considerably. Using 
starving dogs Magendanta showed, by the distinctly falling excretion of nitrogen, 
the sparing action of xylose on protein-destruction. In this connection, he was 
in no case able to prove increased formation of glycogen in the liver, following 
the method of Hluger. From these investigations Grafe came to the conclusion 
that xylose is an excellent substitute for dextrose for the diabetic. 

Various reasons led us to take up once again the problem of pentose during the 
past three years. On the one hand all vegetable food contains varying amounts of 

polymerization-products, which we take daily 
in our food. The question of utilization in relation to the importance of vegetables 
oO 5i0063. Aciamed.Scandinav. Vol. CXLVIII, 
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in the diet for diabetes therefore seemed us all the more interesting and essential. 
On the other hand the influence of pentose on the intermediary metabolism had 
to be investigated further if it were to he considered as a dietary sugar-substitute. 
All our experiments were carried out with d-xylose with which we were supplied 
by the Carbon Chemical Works at Liibeck. 

The degree of sweetness of xylose as estimated after the method of Paul, is 
0.67 if that of saccharose is 1. The comparative degree of sweetness of dextrose is 
0.53 and that of sorbitol is 0.43. Xylose is therefore 58 per cent sweeter than the 
wellknown sorbitol. 

We started our investigations with animal tests. In all, 104 rats in different 
groups were fed for a year, with 5 to 10 per cent xylose added to their normal diet. 
The increases in weight and the state of their fur were better than in the control 
animals. This is explained by the fact that pentoses comprise up to 25 per cent of 
the dry weight of food of herbivorous animals. Special attention was given to 
eyes and kidneys but in no case were there any pathological findings. Contrary 
to this, the American Matchett from the United States Department of Agriculture 
reported in 1951 on cataract development after feeding test-animals on xjdose. 
However, the kind of animal, duration of test, and doses are not stated. We do not 
think that our term of research of one year is too short when one considers that a 
rat will live up to two years, moreover, our findings were confirmed in the second 
and third generation of test-animals. 

After the introductory animal tests we checked the behaviour of xylose in 
persons with normal metabolism. As long as amounts of 40 grams as a single dose 
or of 80 grams as a total daily dose were not exceeded, we found as a rule good 
digestibility without symptoms in the normal persons examined by us. Larger 
doses may result in laxative effects of short duration, in connection with which 
individual fluctuations appear which cannot be explained. Likewise, we were 
never able to prove pentose excretion via the intestinal tract. A part of the ad- 
ministrated xylose is however always excreted in the urine. In the case of persons 
with normal metabolism we found an average excretion of xylose of 15 per cent. 
The post excretion lasted thirty-six hours at the longest. The following table shows 
the proportion excreted in nine healthy subjects who were given a daily single 
dose of 40 grams of xylose for a week. 

The regular xylose excretion after the most different dosages seems to be depend- 
ent on a low renal threshold for this sugar. In 1933, Fishberg and Friedfeld estab- 
lished by means of extensive material that the normal kidney is able to concen- 
trate up to a urinary level of 2.5 per cent in two hours after administration of 50 
grams of xylose, and excretes up to 25 per cent of the total ingestion within 24 
hours. When the renal function is not intact these values always lie considerably 
lower and the pentose level in blood is higher than normal. Since, according to 
Fishberg and Friedfeld this excretion test with xylose is valuable for the diagnosis 
of renal functional disturbances in diabetes, we also occupied ourselves with this 
question and were able to obtain confirmation of the concentration circumstances 
for xylose. This will be reported elsewhere, however. 

Another interesting aspect is the behaviour of blood sugar after xylose ad- 
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Tal)lc 1. 

u-cch The rninminn of xylose (o about 15 per cent. No dyspeptic troubles, 

!,T.fa» 1“ ’ZZhSii "« «« '»/ •'»r*"' 

is slightly worse. 


1 P«nlo 5 « Excretion in g bg normal t«t subjeds after intake of 40 g 

ilosc. 

Mean pro die t 


t.Day 

■ 1 

2.Dog 

3.Doy 

4.Doy 

5.Day 

6Day 

7 Day 


E.T. 27gtafs 9 

5.94 

5.2 

8.68 

6.1 

4.57 

5.05 

6.5 


G.B.M " 9 

2.4 

4.55 ^ 

3.95 

3.68 

4.85 

2.3 

El 


D.W.39 •• 9 

6.3 

6.t 

5.88 

5.5 

6.0 

5.2 

6.3 

5.9 14.8 

E.P.62 ■■ rf 

3.8 

5.54 

6.96 

8.65 

5.49 

4.76 

6.1 

5.9 14.8 

!___ 

C.K.7t » cf 

3.3 

7.04 

6.26 

6.2 

7.97 

8.2 

7.7 

wmmm. 

H.J.65 » (f 

5.75 

6.4 

8.64 

8.6 

6.49 

10.48 

8.19 

7.8 1 9.5 

M.L.Jt " d 

4.99 

4.43 

7.1 

6.33 

5.94 

5.13 

6.4 

5.8 14.5 

G.0.24 « 9 

. 5.t5 

4.8 

ISl 

6.5 

7.57 

6.3 

6.17 

6.2 15.5 

L.A.51 " 9 

4.55 

5.7 

6.75 

5.6 

6.6 

535 

6.1 

5.8 14.5 




Excretion (lintmum ; 3.8 g » 9.5 % 
» Maximum: 7.8 g s 19.5% 


Mean Excreiion: 6.0g = 15% 


ministration. Invariably a rise was established which was, however, always caused 
by pentose. The normal pentose level in blood in a healthy person is 10 to 30 milli- 
grams per Cent and may rise up to 70 milligrams per cent, depending on the size 
of the dose. 

In the course of the clinical treatment of 63 diabetics, we have now examined 
the utilization of xjdose and its influence on carbohydrate metabolism. There was 
no essential difference between these and healthy persons with regard to all fea- 
tures previously mentioned, namely good digestibility without disturbing symp- 
toms on ingestion of 40 grams of pentose in single dose and 80 grams distributed 
over the whole day, laxative reaction after a larger dosage, behaviour uniform 
pattern of the blood pentose level, and regular excretion of this sugar in small 
amounts over a period of 24 horns and sometimes 36 hours after ingestion. As with 
the normal person, the utilization in the intestine was quantitative. The excretion 
of xylose m the urine also lay maximally around 20 per cent, with an average of 
13.0 per cent, which IS slightly lower than in normal subjects. These proportions 
are Illustrated by a table showing the excretion diagram of 15 diabetics who received 

of the 2.) Repeated checks 

ot the faeces for pentose were always negative 

Likewise, daily amounts of xylose distributed over several weeks did not result 
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Tal)lo 2. 

15 diabetic jiersons of both sexes after feroral ingestion of 40 grams of xylose. Minimal 
10 -per cent to maximal 20 per cent arc excreted, average 13.5 per cent. The pentose-concentra- 
tion in the mine is at its highest after 2 to 4 hours, after which it falls progressively. After 
three hours the blood pentose level reaches its highest point of 60 to 80 milligram per cent and 
falls back to normal within the next three hours. 


P<n^ose 

Excr 

Qlion 

in c 

bij 

)iQbeUs mtUiVus offer mlokt of 40 g Xglose. 

Mean pro dit I 

AfUr: 

nn 

QQ 
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nun 
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era 

WBrnsm. 

2 hours 

IQ 

lEH 
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DQl 

Q 

la 

Era 

m 

m 

ira 

IQ 

flH 

ID 

1 42 3.6 1 

4 » 

01 

oa 

ngi 

mi 

m 

01 

ESI 

ta 

tin 

m 

IQ 

oa 

ID 

im 

ID 

1.42 3.6 1 

6 » 

nun 


cwin 

rag 

tgn 

Era 

EEl 

EQ 

EQ 

Era 

EQ 

ED 

ID 

ED 

ED 

0.83 2.1 

8 

run 
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EQ 

EEl 
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EPl 
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Era 
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Era 

ED 
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Era 

ED 
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EQ 
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Era 

ED 
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ED 

ED 
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ED 

Era 
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ED 
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Era 

IQ 

Era 

m 

EQI 

Era 

Era 

ED 

ED 

ED 

ED 

ED 

0.32 0.8 
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Era 
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EQ 
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EEl 

Era 
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Era 

El 

msmmm 
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12.3 

i 

5.0 

12.5 

5.9 
14 8 

tHH 

4.8 
12 0 

6.1 
15 3 

4.2 

10.5 

4.3 

lO.B 

5.1 
12 8 

6.1 

15.3 

5.6 

14.0 

1 

4.9 

12.3 

A.4 

11.0 

5.4 g = 13.5% 



in deviations from healthy subjects as regards digestibihty, resorption and excre- 
tion. In no diabetic examined by us could we establish a deterioration of his state 
of metabolism. Moreover, glucose was never excreted in increased amounts after 
ingestion of xylose. The sugar balances showed nearly always a slightly lower level 
of glucose excretion than in the period before and after. 

For further clarification of the behaviour of xylose and its influence on the 
intermediary metabolism of diabetics we carried out comparative glucose and xylose 
dosages. The comparative dosages with 40 grams of glucose and 40 grams o 
xylose were carried out on two consecutive days after the metabolic reaction of 
the patients had been established. In order to be able to follow exclusively the 
effects of glucose and xylose, which were administered each morning at 09.30, 
the patients fasted on both days until two o’clock p. m. while they were allowe 
liquids and stayed in bed. For the remainder of the day they were given a diet ot 
1,550 calories consisting of 55 grams of protein, 95 grams of fat and 110 grams o 
carbohydrates. Although the data collected from 12 comparative tests may be 
v'ery limited, there were, nevertheless, certain observations made which may e 
remarkable. In nearly all patients we were able to discover a decreased glucosuria 
on the xylose day. On this day the excretion of glucose in the urine was on an 
average 40 per cent lower than on the day of the glucose test. The beta-hy 
butyric acid values in the urine were always lowered and abbreviated on t e 
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Fies. 1 to 3. Comparative loading tests •svith glucose and xylose, 40 grams each, made mth djabetics 
some Tvith acetonuria, while fasting; from 2 p. m. diet of 1,650 calories. Bed-rest, liquids allowed, and 
mecUcation with insulin, equal on both days. The diagrams show lowered unim sugar values on each 
of the xylose days. Also decrease of the beta-hydroxybutyric acid excretion. Excretion of pentose in 
the urine on the xylose day about 16 per cent, pentose level in blood maximal about 60 milligrams per 
cent in tlie third hour. Similar course of the blood sugar diagrams on both days. 


xylose day. The blood sugar diagratus determined by the procedure of Hagedorn- 
Jenscu and Mendel showed no differences between the test days. AH patients felt 
better on the day of the xylose test than on the glucose day. In the following dia- 
grams of these tests the above described features are illustrated in detail: 

It was further interesting to find that all patients who before the xylose day 
excreated greater amounts of glucose in the mine than on this day, a day or two 
later returned to the original values in their excretion of glucose. 

In order to look into the question whether xylose is phosphorylated in the same 
way as glucose, we estimated on both test days during the fasting period the 
inorganic phosphate and the total-phosphate in the plasma. On both days an 
eqiially slight decrease in the inorganic phosphorus could be discovered, a fact . 
which may point to a phosphorylation of the pentose. This question will be cleared 
up by further extensive examinations. The average values for inorganic phosphate 
in 12 diabetics decreased from 3.6 to 3.3 milligrams per cent on the glucose day 
and from 3.9 to 3.6 milligrams per cent on the xylose day. Dische proved the oc- 
currence of a phosphorylation of the d-ribose contained in adenosine while esterifi- 
cation of inorganic phosphorus took place. 

the^atSr^^ f *®st results is very difficult - above aU because 

he catabolism of pentoses m the organism has not yet been fully cleared up. The 
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favouiatle influence of xylose on glucosuria and acetonurla may be attributed to 
a stimulating effect of this sugar on intermediary metabolism. It is possible that 
because of this there exists a better exploitation and utilization of the hexoses. 
How such a process may happen cannot yet be stated. The good effect of a vege- 
table diet on an impaired metabolic situation in diabetes which is explained, 
among other reasons, by its low carbohydrate content, possibly has something to 
do with this. From our investigations we may perhaps assume that a certain 
importance is to be attributed to the pentose or pentosan content of vegetables. 
According to Rubner the cell membranes of all kinds of carrots contain 23 per 
cent, leaf-vegetables 21 per cent and all tj^pes of fruit kinds 34 per cent of pen- 
tosans. The daily assimilation of pentosan observed in humans can attain 60 grams. 

According to present-day literature the catabolism of pentose seems to resemb e 
that of glucose. Initially phosphorylation occurs under the influence of a pentokin- 
ase. The pentose phosphate thus formed is split by aldolase, while one triose 
phosphate and one 2-carbon compound is formed, the latter probably being g y- 
colaldehyde. Hereby a connection is probably formed between pentose and hexose 
metabolism. On the other hand it is supposed that the oxidation of pentose wit 
out previous phosphorylation is possible. 


Summary. 

Research on normal and 63 diabetics showed that xyloses a^eed with them in 
every respect without any accompanying symptoms on condition that one sing e 
dosis does not exceed 40 grams and the total quantity administered does not 
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exceed 80 groins per day. Xylose is well xesorbed and has a caloric value of 3.7 
cal per gram. It may be well employed in cooking and as regards sweetness it 
rates between cane sugar and dextrose to which latter it is very similar in taste. 
Taken at an average, 15 % of the xyloses are secreted with the urine. 

On the basis of the same dosis of insulin and diet, comparative experiments 
with 40 grams of glucosis and xyloses resulted in the following: 

Favourable effect of the xyloses on the secretion of sugar in the sense of a prom- 
inent diminution as well as a favourable influence on the ketonurie. 

A phosphorization of the xyloses is assumed and documented by respective 
diagrams. The influence of vegetables on the diabetic's assimilation by digestion 
is apparently due to pentoses contained in the vegetables. The possibility of a 
stimulating effect of the xyloses on the assimilation by digestion with its metab- 
olism will be revealed. 


The clinical material for these examinations came partly from the Hospital of the 
Swedish Diabetic Foundation (Head Physician Dr. Mbllerstrom) and the chemical 
analj-sis was performed in the Emma and B. A. Hjorth’s Department of Metabolic 
p Stockholm. I wish to express my thanks to 
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From the B. A. Hjortli’s Department of MetaboUc Eesearcli of the Wenner-Gren’s 
Institute, Stockholms Hogskola, Sweden. 


The Effect of Inositol on tlie Rate of Pliospliorns Metaholism 

in the Liver of Rats. 

By 

INGEMAE, ALSTROM. 

(Submitted for publication September 15, 1953.) 


In recent years inositol lias attracted great biological interest on account of 
the investigations made by J. 6. A. Pedersen (1940) (1) into the rachitogenic 
properties of inositol hexaphosphoric acid in experiments with pigs, and of H. 
Sandstedt’s (1949) (2) interesting observation that inositol has a therapeutic 
action in horses with polymyositis. These works were based on the fact that inositol 
is present in certain cereals and plants in the form of a phosphorus compound 
inositol hexaphosphoric acid, possibly as its CaMg salt (phytin). This in itself 
cannot be absorbed by the mucous membrane of the intestines. In order to be 
absorbed the molecule must first be enzymatically broken down by inositol phos- 
phatase. Pedersen states that if various kinds of cereals in a finely ground state 
are soaked in an acid solution and kept at 40° C for 2 hours the following amounts 
of phosphorus combined as inositol hexaphosphoric acid will remain at the end 
of the experiment: wheat 0 %, rye 0 %, barley 6—31 %, oats 92 % and maize 
96 %. It appears that oats do not split off phosphorus or inositol to any appreciable 
amount. 

The above mentioned authors have put forward the hypotheses that an un- 
balanced diet of enzyme-deficient foods, e. g. oats, might cause, firstly, rachitis 
in pigs owing to bad absorption of the mineral element and, secondly, muscle in- 
juries owing to bad absorption of the inositol element. Consequently, derange- 
ments in the utilization of inositol and its salt may be responsible for diseases 
which appear to be quite diverse in nature. These observations warrant a more 
thorough investigation of the nutritional properties of inositol. 

Inositol has been isolated from the brain and spinal cord (3), heart muscle (4), 
aver (o), as well as from mammalian kidney spleen and testicles (6). 
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Althougli inositol lias been demonstrated in animal tissues it bas not as yet 
been possible to fully assess its nutritional value. Wooley (7 and 5) seems to have 
been the first to demonstrate the effect of inositol in experimental animals. He 
observed that mice reared on an inositoldeficient diet showed a characteristic 
loss of hair which was counteracted and prevented by inositol. Woolely proved, 
however, in a later investigation (8) that mice reared on an inositol-free diet 
developed alopecia, but in a later stage of the experiment these mice recovered. 
Furthermore, the amount of inositol in the tissue of mice that showed alopecia 
was lower than in mice that had overcome it. Moreover, the intestinal flora from 
mice with alopecia showed an inferior ability to form inositol in a synthetic medium 
in comparison with the flora from mice which has overcome alopecia. Additional 
support for the theory that the formation of inositol takes place in the intestinal 
flora has been given by Nielsen and Black (9). They observed that rats that were 
given sulfasuxidine in addition to their normal diet, showed alopecia and inhibited 
growth. The alopecia and growth inhibition were cured by the addition of inositol. 
The intestinal formation of inositol would in this case have been inhibited owing 
to the fact that sMfasuxidiue checked the growth of the inositol-forming bacteria. 
According to Daft and Sebrell (10) the bacterial formation of inositol in rats and 
mice should be sufficient to cover the normal needs of these animals. 

In addition to its curative effect on alopecia inositol has shown growth promoting 
properties in mice (Woolley), cotton rats (11), guinea pigs (12) and hamsters (13) 
that have been reared on a so called purified diet free from inositol. Growth in 
chickens (14) has also been increased when inositol was added to a synthetic diet. 
Inositol increased lactation in rats reared on a synthetic diet (15). 

Inositol has also been tested for its effect on metabolic functions and disturb- 
ances. Weilbelhaus, Berteil and Lardy (16) observed that the addition of inositol 
decreased the excretion of ketone bodies in the urine in starving rats. Gavin and 
fellow workers (17) found that fatty degeneration of the liver caused by biotin 
was counteracted by inositol. Handler (18) showed that unsaturated fatty acids 
offset the lipotrophic effect of inositol on liver rendered fatty by vitamin B defi- 
ciency. It was implied that alphatocopherol and inositol have a synergistic effect. 
Dam (19) found that inositol prevented encephalomalacia and exudative diatheses 
in chickens reared on a vitamin E-free diet. In depancreatized dogs that received 
insulin Gaebler and Cissewski (20) found that inositol was one of the factors pre- 
venting glycosuria when the animals were given an overdose of sugar. 

Consequently inositol seems to have not only a non-specific effect on alopecia, 
lactation and growth but also a more specific influence on the conditions ketoniuia 
and fatty liver in relation to carbohydrate metabolism and also to insulin require- 
ments. 


The author’s Researches. 

In the present work the effect of inositol on rats has been studied with regard 
to the rate of growth and to phosphorus metabolism in the liver, an organ which 
is known to be of great general importance in carbohydrate metabolism. 
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Preparation: clienucally pure inositol from Sheering-Karlbaum. 

Experimental animals: rats of tlie same strain as had previously been used m 
studyin" the effect of para-aminobenzoic acid (Alstrbm 21). 

I?iW.-°The same ))semi-S}mthetic)> and »normal» diets as used in the above-men- 
tioned researches. The first diet was free from inositol. 


Experiment I. 

Tlie rats chosen for the experiments weighed between 48 and 56 g. Only 
female rats were used. The experimental animals were during the first three days 
given the semi-synthetic diet. Thereafter half of these rats were given 200 mg 
inositol per 100 g of the diet. After thirty days the experiments were discontinued. 
The following table I shows the growth during that period, with or without the 
addition of inositol. 


Table I. 

Oroii'th during an experimental period of 30 days with or without the addition of 200 mg 

of inositol to 100 g of the diet. 



Without tlie 
addition of 
inositol 

With addition 
of inositol 

12 

(59.8 i 2.1 

12 

70.0 ± 1.2 

Avernge groirtli in g during tlio experimental period 


BesvU: As shown by table I the addition of inositol under these experimental 
conditions did not affect the rate of growth in female rats. 


E.xperimeat IF. 

Altogether 40 female rats weighing between 96 and 108 g were used in the 
experiment. The animals were given a complete diet. Before the experiment the 
rats were starved for 72 hours, after which time 22 of the animals were given the 
complete diet with an addition of 200 mg inositol for each 100 g of diet. Two 
hours after thej^ had eaten, all the animals were given intraperitoneally 6 [m 
radioactive phosphorus (P32) in the form of Na.EPO^ in an isotonic solution of 
glucose. The animals were hilled one hour after the food had been given. The 
livers were removed and placed in a solution of 15 % trichloracetic acid and care- 
full} ground. The debris was then filtered off and washed with trichloracetic acid 
until the filtrate volume was 100 cm='. A certain proportion of the filtrate was 
taken in order to ascertain the total phosphate and the inorganic phosphate 
fraction m accordance with Brigg (22) as well as to determine the number of im- 
pulses per minute, m both total phosphate and organic phosphate, by the Geiger 
i uUer calculating apparatus. These researches were carried out at the Wenner- 
Greii institute, B. A. Hjorth’s department for metabolic research, in accordance 

tiidtv described by Lindberg (23). The specific ac- 

tmty IS the quotient between the number of impulses per minute in the phos- 
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pKate fraction and amount of phosptate respectively. The definition relative spe- 
cific activity denotes in this case the specific activity of organically hound phos- 
phate compared with that of inorganically hound phosphate. 

The relative specific activity has been calculated for each animal. The figures 
obtained in this way are supposed to he an expression of the rate of the phos- 
phorus metaholic processes in the liver. 


Definitions; Specific activity 


Imp ./min. 


Relative specific activity 


Spec. act. for organic P 
Spec. act. for inorganic P 


Table II. 


Effect of addition of inositol on the rate of 'phosphorus metabolism in rat liver. 


Inorganic phoapborus in the liver 


Organic phosphorus in the liver 


rP 

Imp.lmin 

Spec. 

activity 

Rol. 

spec. 

acti- 

vity 

rP 

Imp./roin. 

Spec. 

activity 


Aninals that 

530 

88,617 

170 

100 

1,545 

90,663 

64.8 

39.1 

received 200 
mg inositol/ 
100 g diet 
n = 22 

± 24.4 

± 7,771 

± 14.5 


± 14G.T 

±7,301 

± 6.5 

± 2.0 

Control ani- 

592 

124,700 

213 

100 

1,514± 

166.000 

118 

68.2 

mals 
n = 18 

± 41.3 

±15,375 

± 20.2 


± 230.1 

± 7,270 

± 14.5 

± 7.5 

Difference 
control ani- 
mals — inosi- 
tol-treated 
animals 

t= 1.30? 

t = 2.037* 

t - 1.421 


l~ 0.130 

t = 8.304* 

t = 3.307* 

t=4.113’ 


n = number of animals. 

1 Probability that difference due to chance < 0.05 but > O.Ol. 

2 » t) tt » I) » < 0.01 » > O.OOl. 

“ » »i> »i)»< 0.001 

Result: From table II it can be seen that the amount of phosphorus in the liver, 
whether inorganically or organically hound, is not influenced by the addition 
of inositol. On the other hand the number of impulses per minute, determined 
in the Geiger Muller counter, in the entire liver was considerably lower in rats 
that had received imositol than in the control animals with regard to both in- 
organically and organically bound phosphorus. This produced a statistically 
definite (the probability of chance difference < 0.001) decrease in the relative 
specific activity. This may be interpreted as signifying that the rate of phosphorus 
metabolism in the liver had decreased under the influence of inositol. 
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Discussion. 

The researclies ivere carried out in order to ascertain the effect of inositol on 
experimental animals. The classical method, deprmng the animals of the sub- 
stance, the effect of which is to he examined, and then studying the effect of an 
addition of the same substance on the deficient animals, was tried out on rats. 
With regard to inositol one can conclude that the bacterial flora can form inosital 
and also that this substance can be absorbed with the diet, i. e. after being formed 
from inositol hexaphosphoric acid. This twofold supply seems well suited to prevent 
the occurrence of an inositol deficiency, which may explain the fact that no further 
growth promoting effect of inositol was noticed during my experiments with an 
inositol-free diet. 

If the rats were starved and given the same amount of inositol added to a 
complete diet a rapid effect of the inositol addition could be noticed with the 
radio-active phosphorus isotope P3; as an indicator. The inositol decreased the 
rate of phosphorus metabolism in the liver three hours after the feeding. These 
investigations have also shown that free inositol influences the rate of phosphorus 
metabolism when given in considerably smaller amounts than the intake of this 
vitamin when present in natural diet (compare Burkholder 24). To the previously 
described properties of inositol in animal researches another one can consequently 
bo added, namely that inositol when given to previously starved rats decreases 
the rate of phosphorus metabolism in the liver. 

The effect of inositol corresponds to that of paraaminobenzoic acid on the rate 
of phosphorus metabolism in the liver shown in experiments carried out in the 
same way (Alstrom 21). 


Summary. 

With a dose of 200 mg inositol/100 g semi-synthetic inositol-free diet, no growth 
promoting effect was obtained in experiments with female rats. This result has 
been taken to indicate that the inositol supply was adequate without further 
addition, probably owing to the formation of inositol by the bacterial flora. The 
same dose of inositol given to rats that had been starved and afterwards offered 
an mositol-snpplemented adequate diet, led to a decrease in the rate of phosphorus 
metabolism in the liver, measured by the radioactive phosphorus isotope P32. 
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Effect of the. Digitalis Gliicoside Digitoxin on the Plios- 
phorus Hctaholisiu in Heart and Liver of Rats, Measured 
hy the Radioactive Phosphoriisisotope V,,. 

By 

mGEMAB ALSTROM. 

(Submitted for publication September 15, 1953.) 


Digitoxin appears to bo the digitalis preparations which at present attracts the 
greatest interest on account of its pharmacodynamic properties. 

By h 3 'drolyses of digitoxin, digitoxigenin is formed together with digitoxose, a 
sugar-like substance. 

Digitoxigenin is a steroid chemically related to biologically active sex hormones 
and xhtamin D. This and the fact that digitoxin is effective in very small concentra- 
tions make its action comparable to the influence of a hormone or vitamin on the 
heart. 

The question then arises whether digitoxin affects the function of organs other 
than the heart and, if so, what biochemical processes this involves. Earlier investiga- 
tions inform us of the effect of digitalis preparations on carbohydrate metabo- 
lism. 

Ilaendel & Dluiiilla (1) demonstrated that the content of glycogen in the liver 
and skeletal muscles in dogs treated with a digitalis preparation, >>Diga]en», was not 
affected, whilst the content of glycogen in the heart muscles decreased. The con- 
centration of digitoxin in the digitalis preparation used was not known. 

Lasch and Erieger (2) found that the total amount of carbohydrate in the liver 
and heart increased during treatment with digitalis. Liebig (3) found that 0,2 g 
digitalis in the form of »digalen» and digipurat» caused an increased IcA^el of blood 
suf.ir m mil, Its also resulted ia a decrease of tlie amount of glycogen in tlie 

heart and muscles, particularly in the latter 

note iho iZlf to ffie muscles is mobilised 

uence of digitalis to tie advantage of the increased needs of the 
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heart. The reserve of glycogen in the liver is also decreased under the influence of 
digitalis. The decrease in the content of glycogen in the liver was, however, as 
Liebig states, difficult to establish on account of the great variations, probably due 
to the fact that he had not taken into account the normal 24-hourly cycle of va- 
riations in the liver glycogen content. 

Bomskov and associates (4) have shown that digitalis derivatives affect the basal 
metabolism in guinea pigs. Small doses of digitalis counteracted the increase in 
metabolism that was caused by thyrotropic hormone, whilst big doses had the 
same effect as thyrotropic hormone. 

It can consequently be seen from these accounts that digitalis appears to affect 
carbohydrate metabolism not only in the heart but also in the muscles and liver, 
as well as influencing the basal metabolism. 


My Own Reseai*ches. 

In this work I have investigated whether digitoxin has any effect on the liver 
and heart with regard to the rate of phosphorus metabolism, using the radioactive 
phosphorus isotope Paj. The importance of phosphorus metabolism for carbohydrate 
metabolism is well known and is not discussed in this paper. For these experiments 
male rats weighing 100 g were used. Firstly the minimum toxic dose was ascer- 
tained. In order to do this varying doses of digitoxin were given intraperitoneally 
to a series of rats that had previously been starved for a certain time and then been 
offered unlimited food. Following a dose of 0,1 mg digitoxin injected intraperitone- 
ally signs of toxic symptoms were observed. 1/3 of this dose, 0,033 mg, did not 
during my experiments produce any toxic symptoms whatsoever. Both these doses 
were used in the following experiments. 

Procedure: In accordance with the experimental procedure adopted by Alstrom 
(5) for isotope experiments, the rats were starved for a period of 72 hours after 
which time they were allowed to eat ad lib. Two hours after they received food they 
were given intraperitoneally 0,033 or 0,1 mg of digitoxin (digitrin Astra) with 5 pc 
radioactive phosphorus Pa- in the form of Na-HPOj in an isotonic solution of 
glucose. Control animals were also used in the experiments. These were treated 
in the same manner and received radioactive phosphorus (hut not digitoxin). 
The rats were killed by decapitation one hour after injection. With this method all 
the experimental animals were in the same stage of food absorption at this junc- 
ture, The liver and the heart were removed and placed in a solution of trichloracetic 
acid. Afterwards these separate organs were very carefylly ground. The debris was 
filtered off and washed until the filtrate volumes had attained 100 and 50 cc 
respectively. A measured portion of this fUtrate was taken in order to ascertain the 
total phosphate and the inorganic phosphate in accordance with Brigg (6), as well 
as the distribution of the radiactive phosphorus through determining the number 
of impulses per minute, in both total phosphate and inorganic phosphate, in the 
Geiger-Miiller counter in accordance with the method described by Lindberg (/). 
From the figures thus obtained there were determined the amount of organic 
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Taljle n. 


Efject oj toxic dose (OJ mg) of digiloxin on 



Inorganic phosphorus 


Organic phosphorus 


1 

A. heart 

)-P 

Imp./ 1 
min. j 

Spec. act. 

Eel. 
spec, 
act. 1 

yP 

Imp./ 

min. 

spec. act. 

Eel. 

spec. 

act. 


1 







Digitoxin treated animals j 

1 

141.8 

12 360 

90.8 

100 

234.0 

6136 i 

22.9 i 

22.8 

^Number of experimental j 

± 8.0 

± 2 081 

± 16.7 


± 28.2 

j 

± 2029 

± 5.34 

± 2.76 

animals 14 ‘ 





Control animals 

125.1 

12 396 

116.9 

100 

I 173.7 

5 735 

32.2 

21.9 

INumber of experimental 
animals 14 1 

Difference between digitox- ' 

±9.1 

± 2 352 

± 26.7 


±32.8 

±1828 

± 10.3 

±3.0 


1 


in-treated animals — i 
control animals 

t= 1.352 

t= 0.011 

t= 0.830 


t= 1.394 

t= 0.142 

t= 0.S16 

t= 0.20 

B. liver. 









Digitoxin treated animals. 

il 024.9 1 

189 886 

198.0 

100 

12 238.4 

165 500 

40.0 

35.3 

Xumber of experimental 


± 47 933 

± 50.G 

± (0) 

± 153.C 

± 35 730 

± 6.39 

± 1.93 

animals 14 ^ 





Control animals i 

945.6 

164 871 

212.2 

100 

,2 318.3 

222 293 

97.6 

44.8 

Xnmber of e.xperimental 
animals 14 

Difference between digitox- 

± 74.0 

± 36 473 

± 52.0 

± (0) 

± 238.5 

± 61 411 

± 25.7 

1 

± 1.09 


in-treated animals — 
control animals ' 

t== 0.821 

t= 0.413 

t= O.ioil 


t= 0.801 

t= 0.280 

H= 2.177| 

»t=3.60! 


• probability that difference due to chance < 0.05 but > 0.01 
' probability that difference due to chance < 0.01 but > 0.001 


ences in effect between small and large doses have also been observed earlier (4). 
The new finding in my experiments is that the heart is affected only by small non 
toxic doses of the pure digitalis glycoside digitoxin and that toxic doses do not 
affect the heart but decrease the turnover rate of phosphorus in the liver. The 
turnover rate of phosphorus in the liver on the other hand was not affected with 
small (therapeutic) doses. With help of radioactive phosphorus it will be possible 
to determine the limits for the therapeutic and toxic doses of digitalis. 


Summary. 

The rate of phosphorus metabolism in the heart and liver of rats treated with 
subtoxic doses of digitoxin has been examined with the help of the radioactive 
phosphorus isotope Pa.. Subtoxic doses increased the rate of phosphorus metabolism 
in the heart but left the liver unaffected. Toxic doses left the heart unaffected but 
decreased the rate of phosphorus metabolism in the liver. 

The enhancing effect of small doses of digitalis on the rate of phosphorus metab- 
olism in the heart might be a concomitant of, or be the basis for, the therapeutical 
effect of digitalis, whilst the suppressing effect of toxic doses of digitalis on the rate 
of phosphorus metabolism in the liver might be a concomitant of, or be the basis 
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for, the toxic action of digitalis. Ife is of great interest to note tliat tlie toxic dose 
lo.avcs the lieart unaffected, an observation that should not lack practical impor- 
tance. 
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Studies of the Renal Plasma Flow. 
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Introduction. 

Para-aniiiio-liippuric acid has replaced diodrast (D) more and more hoth for 
tlte clinical diagnosis of renal function and for physiological studies of the kidneys. 
Recent investigations have, however, shown that, with low plasma concentrations, 
the clearance (Cl) figures are identical for these substances. With regard to D it 
has been repeatedly shown that, with falling plasma concentrations (Pd) during 
successive periods, there is a fall of the Cl figures. Various writers have inter- 
preted their observations in the most widely different ways. Brun and his as- 
.sociates (1949) maintain that the difference in the arterio-venous concentration 
for D is the responsible factor, whereas Hogeman (1948) concludes that the most 
likely explanation is to be found in the varying protein-fixation of D. In French 
quarters (quoted 1)}* Hagensen and his associates) the assumption is made that an 
j'inertie tuhulairo exists, with low plasma concentrations. But this assumption 
is not confirmed by the investigations by Hagensen and his associates (1951). 
Handley and his associates (1949) refer to the significance of the part played by 
dehydration for the renal plasma flow. Lastly, the D diffusion from erythrocytes 
to plasma during intrarenal circulation has also been discussed as a causal factor. 

At the Sledical Department B. of the Rikshospital, we have observed in the 
course of our studies of renal function a simultaneous reduction of inulin clearance 
(Clj) and CId in successive periods. We came therefore to ask whether the reduced 
glomerular filtration is of significance with regard to the reduction of CId, or 
whether the factors determining the reduction of Cl^ in successive periods (Laake, 
Acta Med . cand. m the press) also influence the 01^ figures. In order, if possible, 
to throw light on this problem, we have undertaken the simultaneous recording of 

I m patients whose renal function was presumably normal. 
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Procedure. 

The procedure adopted for the determination of CIj was the same as that de- 
scribed earlier at this hospital. Thirty minutes before the Cl periods were started, 
20 — 25 mg of diodrast-I per kg body weight were given by intravenous injection. 
The injection of diodrast must be given slowly, as a temporary depression of Clj, 
may otherwise occur (Landowne and his associates, 1947). The analyses of dio- 
drast-I in plasma and urine were undertaken in a way described earlier by the 
author (Laake, 1945). The mean Pj, in the Cl periods is practically identical whether 
the arithmetic, logarithmic, or planimetric mean be employed. In our own cal- 
culations we have employed the logarithmic mean. In 15 patients, Pj, was examined 
after a single intravenous D injection, and like other observers we foimd a linear 
fall of Pjj from 15 to 20 minutes after the injection. 


Own Investigations. 

Is ine patients with healthy kidneys (6 women and 3 men), all under the age of 
30, underwent 12 Cl tests (see table I), each including 5 successive periods. Irre- 
spective of the period, the mean (corrected to 1.73 m" body surface) figure is; 

Clj) 452 ± 66.7 ml/min. 


Table I. 

Imilin and diodrast clearance after a single intravenous injection of these substances. 


JTormal material. 


Pas, nr. 

Period 

Cli 

ml/min. 

Diodrast-I 
mg/100 ml plasma 

Gin 

ml/min. 


1 

136.5 

2.9 

518.0 

i 

2 

127.7 

1.8 

450.0 

1 

3 

123.6 

1.1 

570.0 


4 

100.9 

O.S 

410.0 


5 - 

96.0 

0.6 

435.0 


1 

147.2 

2.6 

559.0 


2 

150.0 

1.9 

390.0 

1 

3 

133.6 

1.3 

485.0 


4 

115.7 

0.95 

405.O 


5 

103.9 

0.70 

430.0 


1 

116.7 

2.55 

536.0 


2 

123.5 

2.1 

585.0 

2 

3 

109.0 

1.5 

420.0 


4 

92.3 

1.05 

380.0 


5 

83.9 

0.85 

450.0 


1 

in.4 

3.3 

490.0 


2 

116.8 

2.65 

547.0 

2 

3 

107.G 

1.95 

465.0 


4 

93.3 

1.30 

405.0 


6 

94.8 

0.90 

390.0 
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T’n». nr. 


Period 


Clt 

ml/min. 


j Diodrnst-I 
|ing/100 ml plnsmUj 


On 

ml/rain. 


152.3 

3.65 

136.7 

2.55 

144.3 

2.05 

125.C 

1.4 

102.5 

1.0 ■ 

111.6 

2.45 

I09.O 

1.80 

lOl.C 

1.25 

83.7 

0.90 

75.3 

0.75 

118.9 

3-75 

123.7 

2.25 

112.3 

1.70 

92.6 

1.20 

99.3 1 

0.95 

116.6 

2.95 

109.3 

2.30 

114.8 

1.00 

99.0 

1.35 

87.3 

1.10 

112.3 

3.15 

110.6 

2.25 

102.9 

1.75 

89.2 

1.30 

73.1 

0.85 

119.4 

1.95 

123.5 

1.55 

117.7 I 

1.30 

102.4 

1.05 

92.1 

0.80 


I 

0 

3 . 

4 . 
0 . 

1 . 

o 

.3 

4 . 

5 . 


I 

0 

.3 
4 , 
0 , 

1 . 
0 

3 

4 . 


145.0 

126.9 
130.C 

114.3 
99.8 

150.9 

143.6 

139.3 

128.7 

119.3 


3.95 

3.00 

2.15 

1.70 

1.30 

2.30 
1.95 
1.45 
1.10 
0.85 


t.ons, Foa and joj fomd 550 „|/„;° for our iavestiga- 

oo^ er/ctt'X zfms ttzz!zzs 

esfc. CL 


648.0 

505. 0 

650.0 

420.0 
4G0.O 

542.0 

430.0 

500.0 

470.0 

510.0 

491.0 

530.0 

390.0 

455.0 

395.0 

420.0 

490.0 

385.0 

465.0 

390.0 

459.0 

520.0 

410.0 

375.0 

400.0 

505.0 

530.0 

445.0 

375.0 

360.0 

390.0 

435.0 

400.0 

320.0 

355.0 

438.0 

468.0 

395.0 

420.0 

370.0 


629- 


-25.7 t. 
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Table II. 

Period means jor diodrast clearance (CZd). 

Periods 

1 2 3 4 5 

CId ml/min 500 490 451 408 412 

and the regression coefficient — 25.7 is significantly different from 0 at the 1 % 
level. One-way and two-way classifications were made with variance analysis 
which also enabled us to test the variations in Cln in the different persons tested. 
We now found that the difference between Clp in the first and the third periods 



Fig. I. The regression line for Cln period means. 


was statistically significant at the 5 % level, but at the 1 % level there was a signif- 
icant difference only between the first and the fourth periods. These studies show 
that a shnultaneous reiuclion of Cl^ and Cij, occurs in successive periods. By com- 
paring the slant of the regression lines for Cli and Cljj expressed by the regression 
coefficient, we can obtain a measure of the degree of reduction of the glomerular 
filtration and the renal plasma flow. Both series of observations (Clj and Cln) are 
readjusted by calculation in such a way that they show the same standard devia- 
tion, — i. e. 1. The regression coefficient (r) between Cl figure and the period (t) 
becomes in the case of inulin: 

ri = -F 0.G22 

and in the case of diodrast; 

To = 0.617. 

In other words, Cl^ and Clj, have practically the same correlation with t in this 
material; the reduction of Clj and Clp from period to period is almost of the same size. 
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Tlu« conclusion is further confinncd by 

this nintorinl (see fig. H) Hic FF mean mtus 2-^ /o. ^ ^ 

.i s -> ■ In other words, a somewhat higher FF figure than is to 

,..vc 'L 

r;r;.;:;'r. r pe« ™ia«on. o„e,e ^a.,. da... The, 



Fig. II. The filtration fractions (FF in %) for all the observations. 


noticed that, with the same person tested, the deviations for Clo in successive 
periods grouped themselves about 33 mI/min./L73 m” body surface. By calculating 
the confidence area for Clj, in our material, we found at a confidence degree of 
99 % and 95 % respectively, Clj, means of 452 ± 22.9 ml/min. and 452 ± 17.2 
nil/min. In 5 % of the Cl tests we carry out, the mean of n observations will fall 

113 

outside the area 500 + ^ — inl/min. for 1. period. Our findings coincide very well 

vith those of pa^^es and Shock, of course confirming their observations with regard 
to the variability of Clj,. 

B hen we calculate the regression for each Cl test in this material, we fail to ■ 
find evidence of any definite Pj, reduction of the Cl figures. This also shows that 
the course of the regression line for all the observations runs straight. 


Disciis.suui, 


a® extraction ratio (Excr ) for D 
not deternnned, and the C!„ fig„ee are not corrected. Excr.„ ia rdaZi/cou 
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stant (Joseptson and associates 1950), an increasing age does not lead to signifi- 
cant changes (Davies and Shock). AVe are not, however, justified in calculating the 
total renal plasma flow on the basis of the mean Excr.jj. 

Simultaneous Cl investigations may entail the administration of test sub- 
stances for the determination of a single function, and this may interfere with 
the determination of another function. AATiite and his associates (1940) found almost 
identical Clj, figures in a normal material when the renal plasma flow was partly 
determined by itself and partly in connexion with Clj. These findings are con- 
firmed by our own observations. There is no deposit of D in the tubules, and it is 
also unlikely that sjmthesis of this substance occurs. 

AATien the test conditions are constant, the renal plasma flow under normal con- 
ditions is fairly unchangeable, and when findings are repeated in the same person 
over a period of 4 months, the variations are not more than ± 15 % (Smith, 
1943). Even if, by an effective arrangement of the tests, we try to reduce the 
significance of the emotional factors as much as possible, we cannot prevent the 
possibility of repeated Cl tests eliciting a pressor phase with reduction of the renal 
plasma flow. 

An analysis of the EF figures can to a certain extent present a picture of the 
functional condition of the arterioles of the kidneys. By variance analysis of the 
FF figures, we were not able in our series of tests to demonstrate statistically 
significant differences from one period to another either with one-way or two-way 
classification. This points against the conclusion that functional changes in the 
blood supply of the glomerular apparatus during the test periods could be a causal 
factor in the reduction of the Cl figures. 

It would seem that the Cl figures are influenced by the mode of administration 
of D. The CId figures are approximately identical whether D is given by con- 
tinuous intravenous, subcutaneous or intramuscular injection. The reduction of 
Clj, in successive periods after a single intravenous injection is interpreted by 
certain writers as a result of the rapid fall, supposed in their opinion to render 
the arterial D concentration lower than the peripheral venous D concentration. 
Conversely, with a rising Pp the arterial D concentration should be higher than 
the venous D concentration. Brun and his associates (1949) maintain that the Clp 
figures become correct when arterial D concentration is employed instead of the 
venous in the Cl formula. In so far as iodine is concerned (Robson and associates, 
1950) equilibrium is established between plasma and extracellular fluid during the 
Cl periods. Newman and his associates (1949) have, however, shown that Clp was 
constant with Pp rising from 2.18 to 8.3 mg/100 ml. This should be an argument 
against the significance attached to the gradient of the arterio-venous concentra- 
tion for the fluctuations of Cl figures in successive periods. With the procedure 
we have followed, Pp falls slowly during the periods (see table I), and this explains 
our relatively high means for Clp. Studies of the course of the regression line for 
the Cl periods tend to refute the assumption that the changes in Pp are a central 
causal factor responsible for the reduction of Clp during the periods. Confidence 
area studies also confirm the belief that the Pp fall cannot be of essential importance 
to the Clp reduction in our material. The erythrocytes’ D transport does not in- 
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fl.,r„ce the Cl fisnre, as the amount of D rticl. diffuses from the 
aurin-- the renal passage is minimal (Smitli and Ins associates, 19-lo). Ihe dis 
.ociation constant for D is of no significance to tlie tubnlar exaction of this sub- 
stance. Investigations of protein fixation of diodrast-I (Smith and Smitb 1938) 
show that in tlie concentration area 5.0 to 0.6 mg/100 ml there is a variation o 
the free fraction between 77.5 and 73 %. It appears from Hegeman’s dialysis tests 
(1918). that a relativelj' greater fraction of diodrast-I is fixed when there is a 
low The varpng protein fixation may influence the D diffusion within the 
capillaries, hut in practice this factor is of no importance to Clp (Smith, 1941). 
Experiments on animals have shown that the degree of hydration is of no impor- 
tance to Cl„ (Dicker and Heller, 1945) and variations of diuresis do not influence 
the Cl figures. The lymphatic renal drainage may also conceivably contribute to 
the reduction of the Ci figures, but comparative investigations of the glomerular 
and tubular circulation of the blood of human beings with healthy kidneys (Cargill, 
1949) .show that tliesc figures arc identical. This suggests that the lymphatic drain- 
age plaj-s no important part in this re.spect. 

Diodrast is mainly excreted by the tubules, but some of it is filtered in the 
glomeruli, this latter fraction being a product of the free Pj> and CIj. Throughout 
the C! periods there is a real reduction of the glomerular filtration, and this may 
influence the total D excretion and consequently also Clp. We have tried to throw 
liglit on the mimcrical importance of the Clj reduction for the Clj, figures by cor- 
recting Clp for the reduced glomerular filtration of D throughout the periods. Such 
a calculation i.s apt to bo faulty, and it is particularly the varpng protein fixation 
of D-iodine wliich is of importance as a source of error, obliging us to accept our 
findings with some reserve. These calculations seem to show that the reduced 
glomerular iodine filtration throughout the periods is not so great that it influences 
the Cl], figures. 

Ever}- factor which reduces the circulation of interstitial fluid in the kidneys 
reduces the transport of a test substance to the excretory tissues, entailing lower Cl 
figures. In this respect an increased intrarenal pressure is a factor of importance. 
Investigations of Clj at our hospital indicate that the increased intrarenal pressure 
which arises during water diuresis is one of the causes of the reduction of the CJ 
figures during successive periods. It is tempting to assume that the simultaneous 

reductions of Clj and Clj, may be due to the same cause, i. e. an increased intrarenal 
pressure. 


Summary and Conclusions. 

n iTaTcf S 

analvsis «hows that • i, ^ ^ successive periods, and variance 

r™: .ho ftiri period Thto'Ts o statistically significant 

(Cl,) and ““'i” tacance 

found that the reduction nf d r- ^ compared, it was 

An analysis of the filtration fractioTfi“L‘®r/esTtS tf “T 

1 inures suggests that there are no functional 
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changes in the blood supply of the glomerular apparatus during the test periods 
acting as the cause of the reduction of the clearance figures. 

With the procedure adopted in the present study, it was found that the con- 
centrations of diodrast in the plasma fell slowly. Studies of the course run by the 
regression line during the clearance periods and the confidence areas suggest that 
the fall of the diodrast plasma concentration during the periods can have had no 
influence of importance to the reduction of Cl^. 

The glomerular filtration of diodrast-iodine was reduced during the clearance 
periods, but this reduction was not so great that it influenced the Clj, figures. 

Our studies of the renal plasma flow, and investigations at our hospital of Clj 
published earlier indicate that, with the procedure we have employed, the in- 
creased intrarenal pressure during water diuresis is the essential factor which con- 
tributes to the reduction of the clearance figures in successive periods. 
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Tabic I. 


Case 

Age 

Sex 

- 

Clinical Infonnation 

Indication for anti- 
coagulant therapy 

liledica- 
ment used 


49 

f. 

thyroidectomy; dismissed from clinic; at 
home thrombosis right leg; lung embolism 

postoperative thrombo- 
sis; lung embolism 

dicumarol 

2 

37 

f. 

normal delivery; small postpartum bleeding; 
thrombosis left leg on 9th day 

phlegmasia alba dolens 
left leg 

dicumarol 

3 


f. 

appendectom3’^ for supposed appendicitis; 
dismissed from clinic; at homo thrombosis 
left leg 

postoperative thrombosis 

dicumarol 

4 

29 


normal delivery; puerperal infection; throm- 
bosis left leg 

phlegmasia alba dolens 
left leg 

dicumacyl 

dicumarol 

5 

28 

f. 

normal premature delivery; pulmonary infec- 
tion (no certain diagnosis); thrombosis; lung 
embolism 

thrombosis pelvic veins 

dicumacyl 

6 

31 

f. 

normal deliver^"; on 9th day thrombosis, 
first of right leg, later also left leg; puerperal 
infection; infiltration in small pelvis 

phlegmasia alba dolens 
right and left leg 

heparin 
(first day) 
dicumarol 

7j32 

1 

f. 

normal delivery; thrombosis left leg; small 
lung embolism 

thrombosis; lung embo- 
lism 

dicumacyl 

8 

32 '• m. 

Buerger’s disease; migrating thrombophle- 
bitis in whole left leg 

thrombophlebitis migrans 

dicumarol 

9 

67 

f. 

accidental fracture of left ankle and left 
shoulder; plaster of paris; normal consolida- 
tion; V-j. month later thrombosis right leg 

thrombosis right leg 

dicumarol 

) 

jio 

36 1 f. 

1 

gynaecologic operation with appendectomy; 
purulent wound infection; thrombosis in 
small pelvis; lung embolism; no thrombosis 
in legs 

lung embolism; thrombo- 
sis small pelvis 

dicumarol 

11 

21 ’ f. 

f 

' 

normal pregnancy; superficial phlebitis; r. 
calf; lung embolism twice with 14 days in- 
terval; thrombosis left leg. Dicumarol-thera- 
py postponed because of expected delivery. 
Later instituted; normal delivery; no haemor- 
rhage 

thrombosis; lung embo- 
lism 

heparin 
(first day) 
dicumarol 

12 

46 


idiopathic thrombosis right leg at home; 
lung embolism; admission to clinic 

thrombosis; lung embo- 
lism 

heparin 
■ (first day) 
dicumarol 

13 

43 

f. 

uterus myomatosus; metrorrhagias; throm- 
bosis (no operation). 

thrombosis 

dicumacyl 


leaving a more or less deep ulceration; finally this ulcer heals, leaving an extensive 
scar. 

The primary disease, in ■which a thrombosis develops, seems to have no aetio- 
logical influence. As can be seen in Table I, summarizing the clinical facts, no 
special clinical entity was present in the majority of the cases. 
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I tbeiefoie have the impression that any disease, tvhen fetsed haem®- 

hosis and trb:faTeMon tfthe disease and the 

thSboX hat they seem to have no significance for the observed 
rha^e As far as I can see „a causative relationship is present on y e wee i 
sMn-manifestation and the therapy iinth the anti-coagulant, ^ 

to other factors - the day of onset of disease, the first signs of thrombosis oi 
embolism, the day of operation, delivery, being bedridden, or admission to the 
clinic There seemed to be no influence of the seriousness of the disease previous 
to the thrombosis, the fever, or type of infection. Because thrombosis arises 
more often in the female patient, a marked influence of sex is suggested. In 
what extent the female sex is more exposed can not be decided by my smaJ 
series of cases. 


Slcin-lilauifestations. 


The complication affects almost exclusively tlie lower parts of the body, the 
buttocks and the legs; only one case (case 13; fig. IT, 18) showed a localisation 
in the mammary gland. More or less distinct entities are seen in that either the 
buttock (cases 1—5; fig. 1—6), the thigh (cases 6—9; fig. 12—15), or the lower 
leg (cases 10—11; fig. 7—11) is affected. In table 11 the localisations are sum- 
marized. — The skin-complication developed between the 4th and 8th day; 
it always started abruptly, between two visits to the patient, in many cases 
during the intervening night. Fortunatelj'’ I was able to observe one case (10) 
from the very beginning (fig. 7 — 11). In the deeper tissues of the left calf a hard, 
very painful infiltration suddenly developed, with a patchy discoloration of the 
skin as in a subcutaneous and intramuscular haemorrhage. A few hours later an 
intracutaueous haemorrhage existed, almost circular in the middle part of the 
lower leg. I could observe how this haemorrhage in the skin developed by con- 
fluence of small pasches, the central part forming one big haemorrhage (fig. 7). 
It was this picture we saw first in the other cases, because the initial phase lasted 
so briefly (fig. 3). The haemorrhages were of dimensions ranging from smalt 
(case 5; fig. 3) to extenshm (case 1, 2, 3, 4, 6, 8, 13; fig. 1, 14, 15, 17). One to three 
days after the complication started, the haemorrhagic parts of the skin had a fully 
necrotic aspect as concluded from the black discoloration, the lower local tem- 
perature and the slight shrinking of the skin. As a consequence of this necrosis 
misters containing haemorrhagic fluid invariably developed, one or two dai's 
after the skin-complication started (fig. 3, 9, and 12). Tlie blisters were confiimd 
to the central, confluent haemorrhage, were solitary and of large dimensions. 
The tissue surrounding the haemonhage showed vivid signs of inflammatorv 
reaction such as warmth, swelling, liyperaemia and pain (fig. ], 3, 8, 12 and 17) 

infarotiol So 117 7 resemblance to a haemorrhagic 

u or extent. in the further course there were two alternatives- 

. an edeasive lamaorrhago omW (oases 1, 2, 3, 4, 0, 8, 13). „ great ,,„rt 
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Table n. 


Case 

Localisation and extension of the 
haemorrhage 

Days 

after 

starting 

therapy 

Course of skin-affection 

1 

left buttock; ± 15 cm; perifocal reaction 
extends halfway thigh (fig. 1) small patch 
on right buttock 

6 

• 

after 2 days one great, almost round, nec- 
rotic area with haemorrhagic blisters; after 
12 days demarcation; 10 days later deep 
ulceration (fig. 2). After 2 months closed. 

— Healed with relatively small scar 

— The patch on the right buttock resorbed 
in a few days, without blisters or necrosis. 

2 

left buttock near trochanter major; i 15 
cm; decubitus of particular aspect 

5 

almost identical with case I 

3 

small haemorrhage on right buttock; 2 
days later large haemorrhage on left but- 
took 

5 

7 

almost identical with case I 

4 

large haemorrhage on right buttock near 
trochanter major; ± 20 cm 

6 

almost identical with case I 


smaller haemorrhage on left buttock; 
± 13 cm (fig. 3) and right buttock; ± 8 
cm; near trochanter major 


see figs. 3 — 6 (with description). Healed 
with tiny scars 

6 

proximal 2/3 part of left thigh, lateral 
side; 20 cm long, 17 cm wide (fig. 14) 

6 

after one day haemorrhagic blisters and 
necrotic aspect; one month later deep de- 
marcation (fig. 15); deep ulceration; healing 
with skin graft 

7 

left thigh, adjacent to left groin; 15 cm 
large, 4 cm long; perifocal reaction twice 
as great 

6 

after 2 days necrosis with blisters; treated 
with ice-bags; 8 weeks later expulsion nec- 
rotic tissue; ulceration; healed with a scar 

8 

almost entire left thigh 

6 

almost identical with case 6, only more 
extensive 

9 

distal and lateral part left thigh, i 15 
cm; smaller haemorrhage medial side left 
knee, ± 7 cm. Both haemorrhages sur- 
rounded by one great perifocal reaction- 
zone, ± 30 cm long (fig. 12) 

5 

much resemblance to case 10, only more 
extensive and different localisation; see figs. 
12 and 13 with description. Died inter- 
currently of heart disease 

10 

middle 1/3 part of left lower leg; almost 
circular; 10 — 20 cm wide; (fig. 7) 

8 

see figs. 7 — 11 with description 

11 

pretibial right leg 15 cm; next day 

right ankle and plantar; i 7 cm (fig. 16); 
3rd toe right foot; patellar region both 
sides; ± 10 cm 

4 

6 

after 3 days haemorrhagic blisters on left 
knee, pretibial and plantar. After 6 days 
right knee, toe and plantar region normal. 
The other localisations developed into ul- 
cers, and finally healed 

12 

entire penis 

5 

no clinical details available; died 9 days 
later. 

13 

right mamma; ± 15 cm haemorrhagic 
zone, surrounded by a red, inflammatory 
zone (fig. 17) 

5 

after some days haemorrhagic blisters; after 

3 weeks demarcation; a deep ulcer existed 
after 7 weeks (fig. 18); a skin graft was 
applied 

a large scar resulted without a mamilia 

(fig. 19). 
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local haemorehage and necrosis oe the skin. 

of the necrotic skin and subcntaneoua tissue demarcated, leaving a large and deep 
ulceration (fig. 2, W, IS). Only after many weeks did these ivounds heal, the 

-n-ere exceptionally small, compared with the defect; „r,;r?pr Him for- 

b. smaller haemorrhages were more patchy and irregular, with 
matious (cases 5, 9, 10 and 11; fig. 4, 10, 11). Some cases showed multiple localisa 
tions (5 9 11- fig. 5, 16). The initial phase was soon followed by disappearance 
of the reakve zone and complete absorption of many peripheral small haemor- 
rhaf^es (fig. 4,' 10, 13). The much smaller central haemorrhage either was resorbect 
gradually without demarcation or ulceration (case 9, 10, 11; fig. H), or showed 
a small demarcation and a tiny ulcus (case 5, fig. 6). 

In three cases I could observe how even the central haemorrhage was partly 
resorbed, disintegrating into smaller patches (case 5. 9, 10; fig. 5, 11, 13). 

The cases 6 and 9 can be considered as intermediate between the two groups. 
A rather extensive necrosis was largely resorbed, A small ulceration was present 
in case 6; case 9 died intercurrently. The cases 1, 3, 5 and 11 showed a bilateral 
localisation. 


Influence of the Thrombosis. 

It was tempting to regard the thrombosis as an important factor. For the cases 
6, 7, S and II this seems true, because the haemorrhage developed in the same leg 
as where the thrombosis began. In case 9 a thrombosis was present in the other 
leg, whereas in case 10 no signs of thrombosis were found in the legs. For these 
last two cases a thrombosis without clinical symptoms could not bo excluded. 
For the first five cases, with a localisation in the buttocks, and cases 12 and 13 
localised in the penis and in the mammary gland, a tlirombotic influence seems 
excluded. These parts showed no signs of thrombosis and are very seldom involved 
in this disease. 

In the literature or text books no description is given of circumscribed liaeni- 
orrhages with necrosis in the skin, in arterial or i^enous thrombosis, even in 
large vessels such as the aorta abdominabs or vena cava inferior. It is therefore 
my opinion that the thrombotic disease has no aetiological influence. 


Other InflHfiiicos. 

None of theputicuts hod n trauma of any severity. The localisation in tlic buttocks 
pens the possihility of decubitus. After careful eonsidcratiou of all possibilities I 

“of™ tL k f f ^ f '■ ““"■'‘I “■> 

(ZZ fcombosis if r Pt'-Io-ixntcd 

fbater^^ V «s ascribable 

I. some ies:riiT:i“xrrcrf s:: r 

contrary various^ te 0 ^ d H f„, f I«l.„ge developed. On the 
the haemorrhagic area. ^ slightest veuous coilgostioii in 

32~oi0063. Aclamed.Scandinav. YoI.CXLriH. 
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Table lU. 


Case 

Day of Therapy 

1 

2 

3 

4 

5 

6 

■1 

8 

9 

1 

Dicumarol 


100 

100 

100 


50 

50 




Prothr. index. 

1.2 

1.8 

2.2 

2.5 

3.7 


4.3 

4.2 

4.3 


Haemorrhage 


— 


— 

— 

left side 




2 

Dicumarol 

300 

100 

50 

50 



50 

100 


50 


Prothr. index 



2.4 

2.6 

3.2 

2.7 

l.G 

3.6 


Haemorrhage 




— 

left Bide 

— 

— 


— 

3 

Dicumarol 

300 



100 

100 

160 

100 

100 

50 

60 


Prothr. index 

— 

2.0 

1.7 

1.8 

1.7 

2.0 

2.4 

2.8 

2.8 


Haemorrhage 

— 

— 

— 


right side 


left side 

— 


4 

Dioumacyl 

1000 

600 

200 









_ 


Dicumarol 

150 

150 

100 

150 

100 



50 

100 

50 


Prothr. index 


iTil 

2.0 

2.1 

2.1 

1.9 

2.4 

1.9 

2.2 


Hemorrhage 


— 

— 

— 

— 

right side 

— 

— 

— 

6 

Dicumaoyl 


1200 

800 

800 

200 



800 

600 

100 


Prothr. index 


1.3 

1.6 

1.5 

3.0 

2.7 

1.2 

1.6 

3.0 


Haemorrhage 

i 





left and 
right side 





6 

Dicumarol 

300 

200 

50 












Prothr. index 

— 

4-2.0 

3.6 

5.0 

7.0 

6.9 

4.7 

, — 

— 


Haemorrhage 

— 

— 

— 

— 

— 

left side 

— 

— 

— 

7 

Dioumacyl 

200 

600 


400 

600 

200 

— 

2.8 

— 


Prothr. index 

— 

— 


2.3 

2.0 

1.9 

2.9 

1.3 


Haemorrhage 

— 

— 

mm 

— 

— 

left side 

— 


— 

8 

Dicumarol 

150 

200 

200 

200 

200 




— 

— 


Prothr. index 

— 

— 

1.8 

— 

1.5 

— 

2.3 

1.5 

2.5 


Haemorrhage 

— 

— 

— 

— 

— 

left side 

— 



9 

Dicumarol 

200 

300 

Beil 

300 

100 

— 

— 

— 

— 


Prothr. index 

— 

— 

1.4 

— 

2.6 

— 

3.0 

— 

— 


Haemorrhage 

— 

— 

— 

— 

left side 

— 

— 

— 


10 

Dicumarol 

300 

150 


200 

200 

100 

100 


— 


Prothr. index 

■S 

1.7 

1.7 

2.3 

2.1 

2.9 


4.7 

4.5 


Haemorrhage 

B 

— 

— 

— 

— 



left calf 

' ■ 

‘ 11 

Dicumarol 

100 

150 

B!m 

— 


— 

— 

— 

— 


Prothr. index 

— 


1.1 

— 

1.2 

— 

— 

— 

— 

' 

Haemorrhage 





right leg 

right ankle, 
right foot 





12 

Dicumarol 


1 

9 





— 

— 

— 

— 


Prothr. index 

— 

— 

— 

2.8 

— 

2.0 

— 

— 

— 


Haemorrhage 

— 


— 

— 

entire penis 

— 

— 



1 13 

Dicumaoyl 

1200 

1200 

■Bil 

1200 

— 

— 

— 

— 

— 

j 

Prothr. index 

0.9 4 

— 

1.4 

— 

1.6 

— 

— 

— 



Haemorrhage 

— 

— 

— 

— 

right mamma 

— 

— 
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Possibly the other anti-coagulants have not been used in a sufficient number 
of cases to observe similar reactions. With the following consideration in mind 
it seems to me almost certain that the anti-coagulant is the causative factor. The 
described manifestations in the skin have hardly ever been observed under other 
circumstances. With a severe local trauma, or in the Axthus-experiment, haemor- 
rhagic necrotic lesions can develop but are rarely seen, A strong positive argument 
is the time-relation; in eleven of the thirteen patients the first symptoms of the 
complication were observed between the 5th and 6th day after starting the therapy. 
A strong negative argument is that in patients under similar clinical conditions, 
but without dicumarol-therapy, the complication has never been seen. Neither 
haemorrhagic tendencies, including those caused by heparin or fibrinogen- and 
vitamin-K. deficiency, nor more or less extensive thrombosis with venous congestion, 
ever showed complications similar to those imder discussion. 

By what mechanism the anti-coagulant exerts its effect is not clear, Tlie de- 
creased plasma-prothrombin level cannot explain why the complication is so 
rarely seen, nor account for the localisation, the solitary manifestation or the 
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necrosis. In the cases 1, 2, 6 and 10, the prothrombin level was below therapeutic 
limits and could provoke haemorrhages. Yet none of the patients showed haemor- 
rhagic tendencies elsewhere in their body; (the haematuria is discussed below). 
A number of other patients showed only a small decrease of plasma-prothromhin 
at the moment the complication started. Other patients, not mentioned here 
who had very low prothrombin-levels with haemorrhagic tendencies in different 
organs, later in the course of the dicumarol- treatment, showed no such skin- 
complications. For this I advance the explanation that the period during which 
the complication could develop (first eight days of the therapy) had passed. 

The full clinical picture showed a great resemblance to a haemorrhagic in- 
farction. There seem to be two possible explanations concerning the pathogenesis 
of the haemorrhage; arterial occlusion with secondary haemorrhagic infarction, 
or an extensive bleeding provoking tissue-necrosis with arterial compression or 
spasm. The last possibility seems to me to be the less probable; large intra- and 
subcutaneous haemorrhages (haemophilia, thrombopenia) never produce necrosis 
of the skin. In some cases (5, 7 and 11) the haemorrhage was too small to explain 
a necrosis. Therefore an arterial occlusion seems more probable, but it was im- 
possible to correlate the arterial branches with the localisation and extension 
of the necrosis. The small patches of necrosis, sometimes almost surrounding an 
area of normal skin (fig. 9), imply localization of the arterial occlusion in very 
small superficial arteries. The latter feature is reminiscent of allergic phenomena. 

A curious observation seemed to confirm that functional vascular factors may 
play a role. One patient, not mentioned in the tables, showed on the 4th day of 
dicumarol therapy a patch in the skin near the right trochanter major. The skin 
patch was pallid, slightly swollen and infiltrated, 7 cm in diameter, resembling 
a large urticarial quaddle. Some blue-yellow discoloration raised the suspicion 
of a small extravasation. The temperature was lower than the surrounding skin. 
After 4 days all symptoms disappeared. The dicumarol was administered continu- 
ously; the prothrombin-index did not exceed 2.4. The cases 1 and 3 showed a 
small haemorrhage on the right buttock, not necrotizing. They form intermediate 
cases between the one just mentioned and the full necrosis. 

In six cases (1, 2, 3, 5, 7, 10) the anticoagulant therapy was continued, partly 
because the heamorrhage was not attributed to the medicament, partly because 
the danger of embolisation seemed greater than the skin-affection. In none of 
these patients did the skin-complication become wmrse or more extensive, and 
the course was almost the same as when the anticoagulant therapy was stopped. 
I had a strong impression that once the skin complication was present the anti- 
coagulant could do no more harm. 

Clinical Observations. 

The course of the disease for which the patients were admitted to the clinic 
showed no peculiar features. The thrombosis also followed a course according 
to what could be expected. Routine laboratory investigations showed no deviations 
from expected values. The count of erythrocytes, leucocytes, platelets, the dif- 
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fprpntial count bleeding- and coagulation-time were within limits according with 
re"lt;e.se or the pre-treatment valuea. At the time of the haemorrhage 
no abnormality was found in the haemostatic mechanisms except for the pro- 
thrombin time. The body-temperature at the moment of the haemorrhage and 
• on the days before and after showed no deviations which could not be explained 
by the original disease. — To summarize, the patients could be regarded as routine 
cases, were it not that the peculiar haemorrhage with necrosis developed. 

Special attention was paid in a number of the patients to haematuria. Only 
one (case 5), showed a macroscopic haematuria on the same day as the cutaneous 
haemorrhage. The prothrombin time was 3.0 times the normal. One (case 4) 
had a microscopic haematuria on the day of the skin-affection, and on the next 
two days. The prothrombin times were 1.9, 2.4 and 1.9 times the normal value. 
The patients 1, 2, 6 and 10 showed no marked haematuria despite high prothrom- 
bin times. 


Dosage aud Control of the Anticoagulant-Therapy. 

In table III the medicament used and the dosage on the different days 
are summarized. The prothrombin times were estimated by the bedside test 
(1 ml venous blood -f 0.1 ml thrombokinase) in the cases 1 — 3, 5 — 8 aud 10 — 12 
or by the recalcification-method (cases 4, 9, 13). The prothrombin times were cal- 
culated as values relative to normal controls; therefore only the prothrombin 
index is mentioned (prothrombin time of the patient divided by the normal con- 
trol). All estimations were approximate, and not of scientific exactitude. 


Therapy. 

No particular effects were observed from different measures to diminish the skin- 
affection, The continuation of the dicumarol or dicumacyl-therapy had no un- 
favourable effect, A blood transfusion or vitamine K injections in some of the 
cases had no result. In one case ice-bags were used, resulting probably in a decrease 
of the extent of the ulceration. For the other cases a routine woimd-treatment was 
given A needle-aspiration was performed in case 8 on three sites in the haemorrhage. 

I 0 bloody exudate could be withdrawn. Three patients received a skin graft 
following a usual course. ° ’ 


ouininary. 


dicumacyl. The medicament is hpTd L -i-i ^ , therapy v, ith dicumarol or 

Merlands and pLonally “““ observed in tl, a 
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Pig. 1, 2, Case 1. Pemale, 49 years. Postoperative thrombosis in the right leg. On the 8th day of 
■dicumarol-treatment a large haemorrhage developed in the left huttook, near the trochanter major. — 
Fig. 1: 10th day of treatment; large haemorrhage vfith a reactive zone. A large blister was proviouslj’ 
drained; it lay flat on the haemorrhage. — Pig. 2: after demarcation and e.vpiilsion of tlio necrotic tissue 
on the 2oth day of treatment; large and deep ulceration. The reactive zone almost disappeared. — 
The photographs of case 4 are exactly the same. 
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Fig. 3, 4, 5, 6. Case 5. Female, 28 years; thrombosis post-partum and lung embolism. The localisa- 
tion of the thrombosis was first not clear. Both legs were free from thrombotic symptoms. On the fifth 
day of dicumacyl-therapy a small haemorrhage developed on both buttocks, near the trochanter major. 
The left leg showed by now signs of thrombosis. The dicumacyl-treatment was continued throughout 
the disease. — Fig. 3: left buttock on the seventh day of treatment; small haemorrhage, in two areas, 
each with a blister; many tiny haemorrhages showing how the large haemorrhage developed by con- 
fluence. — Fig. 4 ; three days later; tiny haemorrhages almost disappeared; spider-like large haemorrhage; 
reactive zone much smaller. — Fig. 5: four days later; blisters empty; haemorrhage much smaller with 
some necrosis and healing of the skin; still some subcutaneous infiltration. — Fig. 6; four days later, 
18th day of therapy; two small ulcers with remnants of necrotic skin. — The affection on the right 
buttock followed exactly the same course. 



local haemorrhage and necrosis oe the skin, 
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Fig. 7, S, 0, 10, 11. Case 10. Female 36 years. Appendectomy and ablation of adhesions. Post- 
operative high fever; twice lung embolism -without signs of thrombosis in the legs. On the eighth day of 
dicumarol-therapy a haemorrhage developed in the left calf. — Fig. 7: 8th day of therapy; large haem- 
orrhage, patchy on the ventral side, confluence on the dorsal side of numerous small haemorrhage.s; 
extensive infiltration of the surrounding tissue. — Fig. 8: next daj^; partial resorption of the haemorrhage 
in the periphery; start of blister formation; large reactive zone. — Fig. 9: next day; blisters -with haem- 
orrhagic content; irregularly shaped necrosis surrounding an area of normal skin; infiltration and 
reactive zone partly xesorhed. — Fig. 10: 20th day of dicumarol-therapy; the blister is removed; in 
large part the necrotic areas have been replaced by young skin, leaving a number of small, irregular, 
necrotic patches. — The skin affection healed completely uithout ulceration. — Throughout tho disease 
no signs of venous obstruction in the legs were seen. 
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“toent a large haemorrhage devetap d on ^ j 2 , "^Uromhosl ?f thelft 

ster is already empty. - P:g. 15- 
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Fig. 17, 18, 19. Case 13. Female, 43 years. Uterus myomatosus with metrorrhagias and necrotic 
m 3 mma. A spontaneous thrombosis developed. On the 5th day of treatment with dioumacyl a large 
haemorrhage developed in the right mamma (fig. 17). A hj'peremic, painful zone surrounded the haem- 
orrhage, and is just visible on the picture. After a few days haemorrhagic blisters developed. Tlireo 
weeks later demarcation started, leaving a largo ulcer after three more weeks (fig. 18). A skin graft 
was necessary to heal the large defect (fig. 19). 
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The Functional Control of the llES in Patients with 

TJnderniitrition. 

By 

S. LIVIERATOS, E. DANOPOULOS and K. MaRATOS. 

(Submitted for publication October 5, 1953.) 


Starting from Trosclike’s (1) experiments, from wbicb it is supposed that tlie 
silcohol's metabolism should take place in the organs that control the metabolism, 
as u’eH as from Fiessinger (2) and co-'woxkers’ experiments, from 'which, it comes 
•out that liver participates to the metabolism of this substance, the second of us 
(Danopoulos (3)) carried out a series of experimental studies, by which it was 
undoubtedly shown, that the main tissue burning the alcohol is the reticulo- 
endothelial one (R. E. S.). He studied the alcohols metabolism in rabbits by fol- 
lowing its amount in the blood. This was achieved by determining the alcoholemic 
curve. Blocking partially the EES function with repeated injections of red ink 
or colloidal gold or a combination of both, he obtained higher and sometimes longer 
curves, which meant an incomplete combustion of the alcohol, being given that 
the normal alcoholemic curve is low and short. Then, having showed that the 
EES is the main tissue burning the alcohol, he advanced furthermore 'trying to 
realize whether the liver, which contains a considerable part of tbe RES, is the 
main organ burning the alcohol. 

For this purpose, Danopoulos (4) has made comparative studies in dogs, where 
he determined the alcoholemic curve after oral or intravenous adminsitration of 
the same quantity of alcohol. In this way, the alcohol administered orally was 
passing through the liver before entering the general circulation, while after the 
intravenous injection it entered the general circulation ■without passing through 
the portal vein and the liver. The diversion from the liver in the above way gave 
n normal or a little higher alcoholemic curve, in comparison to the one obtained 
after oral administration, which means that the liver’s participation to the alcohol’s 
metabolism is not very considerable. It is clear, however, that although the liver 
IS left beside by the intravenous injection, we cannot exclude its participation to 

e alcohol s metabolism, a considerable quantity of which will finally pass through 

thLf7 jBtestine’s blood vessels - and 

ttmfore throogh the portal vein or throogh the hepatic artery. 
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For this reason, Danopoulos (5) undertook another series of experiments in 
dogs. He excluded the liver from the circulation by means of an Bek fistula 
determining the alcoholemic curve before and after establishing the fistula. He 
found thus that the curve was slightly or not at all impaired. It was proved therefore 
that the liver is not the main organ burning the alcohol but it simply participates 
to the alcohol’s metabolism by the part of the KES that it contains. 

Then, he determined the alcoholemic curve in dogs, before and after splenectomy 
(6). He found a much higher alcoholemic curve after splenectomy in these dogs 
that burned normally the alcohol before the operation. In other dogs, that did 
not burn properly the alcohol before splenectomy, he could not find but an in- 
significant alteration of the curve after this operation. This last observation leads 
this investigator to the thought, that the incomplete metabohsm of the alcohol 
found before splenectomy in these animals was due to a functional insufficiency 
of the spleen. 

According to these findings, if the RES is underfunctioning, the organism’s 
ability to burn the alcohol should also be impaired. On the opposite, if the 
RES is overfunctioning, the alcohol should be burned more rapidly than usually. 
This was confirmed with Danopoulos (7) experiments in feverish patients, where 
it was found that alcohol is burned in these cases with a double speed than usually; 
the thought, that the RES is overfunctioning during the fever, was thus proved 
to be correct. 

After this brief review of the work dealing with the alcohol’s metabolism, we 
should point out the significance of the fact that the RES is the main tissue burning 
the alcohol. Determining the alcoholemic curve, we can now say, whether the cells 
of the RES, dispersed all over the body, are functioning well or not. 

In this way, a new method for a functional control of the RES is provided. An 
alcoholemic curve higher than the normal means an impaired function of the 
RES. A low curve means overfimctioning of the RES. 

This method was first used to investigate the functional condition of the RES 
in patients with undernutrition, treated in our Clinic during the undernutrition 
period 1941 — 42. 

This study was done by determining the alcoholemic curve in such patients, 
before and after their treatment, when this latter was successful. We alvays pre- 
ferred the patients that did not present any evidence of coexisting cardiac or 
renal disease which was usually the case. No special treatment or diet was ad- 
ministered to these patients before the alcoholemic curve was obtained. 0.6 cc 
of alcohol per kg of body weight was given by mouth as a 10 % solution in water. 
This quantity is adequate for proper study of the alcohol’s metabolism in men, 
for it is easily burned by the organism and has no toxic effects, causing a very 
mild intoxication only. Eor body weight we usually took the ideal weight, although 
in some instances the real weight was considered; no essential difference was 
noticed in the curves obtained. 

The patients were fasting twelve hours before the administration of the alcohol. 
A number of patients had marked oedema (anasarka), so that we had been able 
to measure the quantity of alcohol not only in the blood but in the oedematic fluid 
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too, after puncturing the su'ollen foot or leg or even thn novf i • 
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high and prolonged as well (compare fig. 2 to the normal curves of fig. 1). A considerable 
quantity of alcohol was found in the blood, even during the fourth hour. 

In the second case, a male patient 35 years old, without any past history, had been 
suffering from undernutrition for 6 months. Body weight: 40 kg; ideal weight; 52.7 kg. 
The quantity of alcohol given, was proportional to his ideal weight. The curve shown 
in fig. 3 demonstrates here also, how impaired was, the organism’s ability to burn the 
alcohol. 

In the third case, a man aged 62, had been feeded quite inadequately for the last 6 
months. One and a half month ago, he manifested clinical signs of undernutrition. His 
body weight was 42 kg, while his ideal weight was 55.5 kg. The quantity of alcohol ad- 
ministered, was proportional to the real body iveight. The alcoholemic curve a (fig. 4) 
shows the impairment of the organism’s ability to burn the alcohol. Curve b of the same 
figure was taken 50 days after the first, while the patient’s condition had obviously 
improved. Therefore, the improvement of the general condition results in the restore- 
ment of the alcohol’s metabolism to the normal. 


Discussion. 

We can now come to the conclusion, that the alcohol’s metabolism in patients 
with undernutrition and minor or no oedema, is found impaired, the impairment 
being proportional to the severity of the undernutrition and its effect on the 
economy of the organism in general. The greater the effect of undernutrition, 
the higher the alcoholemic curve was. On the opposite, the lesser the organism 
was affected by undernutrition, the lower the curve was, approaching thus the 
normal height; in other words, the alcohol’s metabolism was easier in this or- 
ganism. These alcoholemic curves remind us of those obtained after blocking the 
RES in rabbits, as it had been experimentally done by the second of us. The simi- 
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larity of the curves iu both cases is really amazing. In these lastly mentioned 
experiments the alcoholemic curve was found higher when the EES was blocked 
completely after repeated injections of drawing ink or colloidal copper. So we can 
undoubtedly speak of an impairment of the EES-function in our patients with 
. uirdernutrition. We could also use the alcoholemic curve for prognostic purpose, 
since the impairment was parallel to the severity of the patient’s condition. It 
should also be noticed that when the patient’s condition was severe and the curve 
high, the alcohol intoxication was marked and of long duration, while in normal 
individuals this small quantity' of alcohol causes only a slight dizziness starting 
5' — 15' after the administration and disappearing completely one to one and a 
half horn later. 

Second grouf: Paiienis with viarJced oedema. Four curves are presented out of 
17 similar cases. 


Case I. A male patient, aged 56, without any past history, had been receiving inadequate 
amount of food for the last 5 months. Three months ago he started having oedema, 
which gradually increased and became recently very marked. Body weight; 60 kg. Ideal 
body weight: 62 kg. The small difference between the real and ideal body weight is 
certainly due to the oedema. The quantity of alcohol given, was proportional to his real 
weight (60 kg). Curve a (fig. 5) shows the quantity of alcohol in the blood; curve b, the 
amount contained in the oedematic fluid. It is clearly shown with these curves, that 
the mipaiiment of the alcohol’s metabolism iu this patient is greater than in the 1st 
group patients (undernutrition without oedema). The patient of this case died a few days 


ntrfT receiving inadequate food for 8 months. Five months 

a^o, loss of strength, minor oedema. Fifteen days ago, the oedema became very marked. 
o3 5'i00G3. .Actamed.Scandinav. Vo!. CXLVIII. 
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Fig. 7 



Body weight 44 kg. Ideal weight 57.1 kg. The quantity of alcohol given was proportional 
to the ideal weight. The alcoholemic curve a and the curve of the alcohol in the oedematic 
fluid (b — fig. 6) present erddence of the enormous impairment of the organism’s ability 
to burn the alcohol. This patient died also, although his food in the clinic was relatively 
good. 

Case HI. A male patient, 66 years old, without any past history, had been receiving 
inadequate food for 6 months. Two months ago he started hardng oedema that became 
marked 15 days ago. Nevertheless, he did not have a marked loss of strength. Body weight: 
48 kg. Ideal weight 58 kg. The alcohol was given in a quantity proportional to his ideal 
weight. The alcoholemic curve a of fig. 7 is extremely high; however, it goes down rather 
quickly, so that in the fourth hour, only a small quantity of alcohol was found in the 
blood. Curve b of the same figure is high and goes down slowly, so that it crosses curve n. 
This means, that the rapid descent of the alcoholemic curve is due to some extent to the 
fact that the alcohol was burned by the organism; but an important part of it is coming 
out of the blood to the oedematic fluid, from which it is given back to the tissues, to 
be gradually burned. This patient survived and was discharged with minor oedema, 
after long treatment. This crossing of the curves is observed in 15 out of the 17 cases. 
In 2 cases, where the curves did not cross each other and remained parallel, the pa len s 

Case IV. A male patient aged 18, had been receiving inadequate food for 5 months. 
One month ago. oedema appeared and became very marked 10 days ago. Body weigut. 
45 kg. Ideal weight: 50 kg. The quantity of alcohol was proportional to his ideal weigiit. 
Curves a and b of fig. 8 show clearly the impairment of the alcohol metabolism m tms 
patient. Curve o of the same fig. was taken 21 days after the first experimen > 
patient had been cured. This curve shows the alcohol metabolism restored almost o 
normal. 
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Discussion. 

From the study of tiiis group u'O come to conclusions similar those of the 
previous one. The only difference is that the alcohol metabohsm in this last series 
ivas more difficult, for a part of the alcohol diffused from the blood mto the oedematic 
fluid, and then was given again to the tissues to be burned. 

In the first two cases, where curves o and b were parallel without crossing 
each other, we cannot talk about any significant ability of the organism to 
metabolize the alcohol. Four hours after the administration, the alcohol was 
still found in the blood and the oedematic fluid as well, in considerable quantities. 
Therefore, the severit}’’ of the condition is easily estimated, with a simple glance 
on these curves. This Avas true from the clinical view point too, since both patients 
died, a short time later. In other cases — not presented here — the alcoholeimc 
curve was high and descended to the zero-line, 5 hours after the administration 
of the alcohol; this does not mean that the alcohol ivas burned. It was simply 
concentrated into the oedematic fluid and this is Avhy curves ft and h cross each 
other. Quite a big amount of alcohol is still found in the oedematic fluid of these 
patients, 5 hours after its oral administration. Consequently, the disturbance 
of the metabolism ivas considerable in these patients, because undernutrition 
had considerably affected the general economy of the organism. How does it 
happen now, to find no alcohol in the blood, although a big quantity of it was 
foimd in the oedematic fluid where it persisted even during the 4th or 5th hour 
after the administration? We think that this fact can be explained as follows: 
The alcohol enters the circulation after its quick absorption; a part of it starts 
getting burned by the EES of the central organs (liver, spleen, lymph nodes, 
bone-marrow). Another part diffuses into the oedematic fluid, wherefrom it is 
taken by the peripheral EES and is burned slowly, because due to the oedema 
this particular part of the RES is more insufficient than that of the central organs. 
Thus, it disappears quicker from the blood than from the oedematic fluid. This 
is also uhy the disturbance of the alcohol metabolism is much greater in the 
patients of the second group than in those of the first one (without or with slight 
oedema). The alcohol intoxication signs manifested by the patients of the second 

group were more intense and of longer duration, depending on the difficulty to 
metabolize the alcohol. 


Sniuiuary and Conclusions, 

The followmg conclusions can be draAvn from the whole study 
patieMforawr' “ ' of depends on tte severity of the 

nuts 

if Lre7r‘'“'bet‘e7'“'™ “ ‘•‘o oodesnstic fluid, 

nnd its possible development " ^O’’ ‘“'o 0'™'^ of Ae condition 
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4. The function of the RES is more or less considerably impaired in patients 
with nndernutrition, depending on the severity and the duration of the disease. 

5. Finally, the use of alcohol as a calory-producing substance should be avoided, 
especially in this type of patients. 
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Continuing our efforts to determine tlie functional control of tlie reticulo- 
cndotlielial system (RES) in several diseases, "we studied this time the alcoholemic 
curves in patients vith bronchial asthma. The technique used "vras the one described 
in previous reports. 

Our experiments were performed on ten patients. These cases were carefully 
selected, so that they would he free of any evident disturbance that could possibly 
affect the alcohol’s metabolism. Eight of them were suffering from typical hron- 
cial asthma (one was a light case). One of the remaining two patients was suffering 
from chronic bronchitis with marked emphysema, causing paroxysms of dyspnoea, 
of moderate intensity. The other one was suffering from marked emphysema 
and had for long time symptoms of right heart failure. Dyspnoea in this patient 
was primarily due to emphysema. The experiment was performed on these last 
two patients with the intention to compare their curves with those of the other 
patieuts, four of which showed rather marked eosinophilia. The description of 
the cases and the results of this research will account for this comparison. 

We are here presenting three of our cases. The description of the , remaining 
is omitted because the results were similar. For the same reason we are only 
presenting one of our two cases with emphysema. 


Case 1. A patient, 52 years old, was suffering from repeated attacks of bronchitis 
occurring more frequently during the winter months. In the last five months before 

-f of bronchial asthma, that lasted a few hours. Since then 

he had daily paroxpms of dyspnoea. The last paroxysms were related by thrnaS 
to the smelling of flowers or the ingestion of certain food. ^ P tent 
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rig. 1. 



The physical examination revealed signs of moderate pulmonary emphysema, abun- 
dant dry rales and marked prolongation of the expiration. Laboratory examinations; 
White blood cells; 9,200 per cmm. Blood eosinophils; 11 %. Eosinophils and Curshmann’s 
spirals were not found in the sputum. 

The first alcoholemic curve was obtained six days after the admission. The curve 
appears high; four hours after the alcohol’s administration, it was still found in the blood, 
in considerable quantities. It should be noticed that the experiment was carried out 
while the patient was suffering from intense dyspnoea. Pifteen minutes after the ad- 
ministration of the alcohol, the dyspnoea had stopped and reappeared with a smaller 
intensity three hours later. The patient manifested signs of alcohol intoxication. 57 
days later, another curve was obtained. In the meantime, the patient was in excellent 
condition for almost one month. Curve b of fig. 1 is normal and demonstrates that the 
alcohol metabolism was completely restored. 

Case 2. This was a patient, 65 years old. From his past history we retain that for 20 
years he had symptoms of adenoids and also the fact that he is a heavy smoker. The 
present illness started 25 years ago with frequent bronchitis attacks; an expiratory 
type dyspnoea appeared approximately at the same time. The first paroxysm of bron- 
chial asthma occurred in 1941. Since 194:1, paroxysms of different intensity occurred 
at irregular time intervals. During the last five months, the patient was suffering from 
a continuous dyspnoea of the expiratory type. The physical examination revealed a 
moderate emphysema and abundant dry rales. Blood eosinophils; 1 %. 

Fifteen days after the admission, while the patient was continuously dyspnoic, an al- 
coholemic curve was obtained, which is shown in fig. 2. This curve is considerably high 
and goes down slowly, so that three hours after the ingestion of alcohol the blood still 
contains O.es “/dp. This last fact proves the consideraMe impairment of the patients 
capability to burn the ethylic alcohol. On this patient, dyspnoea had also stopped twenty 
minutes after the ingestion of the alcohol and reappeared three hours after the beginning 
of the experiment. During these three hours, the patient manifested signs of alcohol 
intoxication. The experiment was not repeated in this patient, for he did'not show any 
noteworthy improvement of his condition. 




THE rnXCTIOXAL I.MPAIK3IE>'T OE THE 


KETICULO-ENEOTHEEIAE 


SYSTEM 


479 




Kg. 4 . 


Case 3. A patient, aged 4o, started tlirce years ago mth a tjT)]cal paroxysm of bron- 
chial asthma lasting two hours. The attacks were repeated in several time intervals, iwo 
months before admission, her condition deteriorated. Physical examination: Moderate 
emphysema and abundant dry rales. Blood eosinophils: S %. White cells: 9,800 per cmrn. 

The curve a of fig. 3 was obtained 25 days after the admission, while she was still suf- 
fering from paroxysms of minor intensity. The curve is higher than the normal and 
progresses slowly; it shows thus the incomplete metabolism of the alcohol. )Signs of mod- 
erate intoxication appeared during the first three hours. 

Curve h of fig. 3 was taken 40 days after the first, while the patient was not haying 
any dyspnoea for 15 days. This curve is normal, so that we can conclude that the patient 
was restored to the normal, independently of the clinical cure. 


Case 4. A 68 years old patient had repeated attacks of bronchitis for many years and 
particularly during the winter months. His present illness started 12 years ago with a 
paroxysm of expiratory dyspnoea that lasted one hour and was accompanied by cough 
and mucopurulent sputum. Similar paroxysms occurred from time to time and became 
recently more frequent; they were characterised by abundant expectoration and low 
fever (up to 38° C). Dyspnoea was always of moderate intensity. 

Physical examination shows highly marked pulmonary emphysema and moist rales. 
White blood cells: 8,000 per cmm. Blood eosinophils: 1 %. 

Five days after the^ admission, the patient was given the alcohol and the curve a of 
fig. 4 was drawn. This curve differs slightly from the normal, demonstrating a slight 
impairment of the organism s ability to burn the alcohol. The moderate dvspnoea dis- 
appeared completely half an hour after he ingested the alcoholic solution and reappeared 
El liours after the experiment. 

After 26 days of bedrest and treatment of the bronchitis, curve b was obtained, which 

did ^ ^ taken, the patient 

S Wl m good general condition. Tie signs of intoxication 

m both experiments were msignificant. ° 
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Summary and Conclusions. 

As it became evident of the above description of our cases, the alcoholemic 
curve of patients "with bronchial asthma after alcohol ingestion, is higher than 
the normal. There is no relation between its height and the intensity of dyspnoea. 
In other words, there is a functional impairment of the RES in bronchial asthma, 
which is not parallel to the intensity of the dyspnoea. 

After the ingestion of alcohol, dyspnoea is stopped and reappears some time 
after the action of alcohol is over. 

In patients with dyspnoea due to marked emphysema (case 4), the alcoholemic 
curve is normal. 

The intensity of the intoxication signs was parallel to the disturbance of the 
alcohol metabolism. 
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Ecticnlo-Endotliclial System in Patients ivitii 
Allergic or Apliylactic Urticaria. 

By 
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Trj’ing out tlie test of the functional activity of the RES in other diseases too, 
VC studied the configuration of the alcoholemic curve (same method as in previous 
reports) in patients with allergic and aphylactic urticaria, starting from the finding, 
that the function of the RES is impaired in patients with bronchial asthma. 

AVe tested 14 patients, 5 of whom were suffering from acute urticaria after 
food poisoning, 4 had acute aphylactic urticaria after antitoxic serum injection 
and 0 had a chronic urticaria of unknown etiology. In the first 8 cases, the first 
curve (a) was obtained durmg the acute stage of the disease and the second one 
(h) 3 to 5 days after the eruption and the other signs of the disease had completely 
.subsided, after the proper antihistaminic and dietetic treatment. In two cases, 
2 cc of Iseo-autergan (N-dimethyl-aminaethyl-N-paramethoxyhenzyl-X-amino- 
piTidin) were injected intramuscularly during the acute stage, after having taken 
the second blood sample, i. e. one hour after the ingestion of the alcoholic solution. 
In 3 cases, an intramuscular injection of Reo-antergan was given 1/2 hour before 
and 1 iiour after the administration of the solution. Finally, in one case the alco- 
holemic curve was determined several times during the disease. 

Every patient had his blood pressure taken, he had a complete examination 
of the urine, blood counts, blood proteins and protein quotient, AA’^assermann and 
Kahn tests; patients with chronic urticaria had a Casoni skin test, a AA^einberg 
and Other .laboratory tests necessary for a complete study. In the following de- 
scription of the cases, only abnormal findings will be mentioned. 

From the 14 tested cases only 4 are reported here. 


patient, 29 years old, gave us a history of typhoid fever at the aae 
.t lo. F,v. d.j, attm mjecSon of aotitetonio serom/oodeS ^ppea^d the sfte 
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of the injection, together with erythema and a few elements of papular exanthema. 
Two days later the eruption was generalized; oedema of the lips and fever appeared. 
From the clinical examination urticaria only was confirmed. From the laboratory ex- 
aminations nothing important. Eosinophils 2 %. Curve )) 0 » (fig. 1 ) was obtained of the 
day of the admission, when the eruption was limited to the left lower limb and the 
temperature was 38° C. It appears moderately elevated at the beginning and the end 
of it, in spite of the fever. Curve i) 6 » was taken after the complete disappearance of all symp- 
toms; its configuration is normal. 

Case II. A female patient, aged 38. The day before the admission, 3 hours after a meal 
of meat, a papular eruption appeared at several parts of the body, accompanied by in- 
tense pruritus. Twelve hours later the patient had an oedema of the eyelids, bps and hands, 
she had a feeling of malaise and a tendency to faint. From the clinical examination: 
papular eruption spread all over the body surface. The liver was palpable two fingers 
below the right costal margin. Laboratory examinations gave nothing important. Curve 
»a» (fig. 2 ) was obtained during the acute stage; curve » 6 >>, three days later, when the 
disease had completely subsided. Curve »ai> is high from the beginning to the end, curve 
1 ) 6 )) is normal. 

Case III. Male patient, 39 years old. He gave a history of syphilis and malaria at the 
age of 24. Five days after an injection of antitetanic serum, he felt pruritus at the site 
of the injection, which was spread all over his body, in a short time. Twelve hours later 
a papular eruption appeared at several parts of the body, accompanied by loss of strength 
and a tendency to fainting. Blood pressure 9/7 cmHg. From the blood counts; moderate 
eosinophilia (7 %), without any other abnormal finding. Serum bilirubin: direct reaction 
(-}-), indirect; O.ci mg%. Urobilinogen in the urine (-| — j-). Few hours after the admission, 
at the height of the eruption, the first alcoholemic curve was obtained (curve »a» of fig. 
3 ), which was only a little higher than the normal, at the first and second half-hour. 
Nevertheless four hours after the administration, considerable quantities were still found 
in the blood. Curve » 6 » was taken 4 days later, when only few urticarial eleinents remained. 

Case IV. Female patient, aged 57. She had repeated attacks of tonsillitis for many 
years. Every now and then, she was feeling pain at the joints with slight oedema. Eight 
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(lavs ago she had a 2nd degree burn, for which she had received an injection of antitetanic 
scrum, in addition to the other treatment. Five days after the injection she had lever 
(39.5° C) and two hours later, a papular eruption appeared, accompanied by unbearable 
pruritus. Blood pressure 9.5^0 cm Hg. Pulse rate 124r/niin. Baboratoiy examinations 
were negative. Blood eosiiiiphils; 3 %. Curve »a» (fig. 4) was obtaincci when the eruption 
was at its highest intensity, curve »6» after it subsided. Although the initial part of curve 
Mil was of normal height, the final one was obviously higher. 


Summary and Conclusions. 

It became evident from, the above description that in allergic conditions the 
alcoliolemic curve is higher than the normal: the RES is fimctionally impaired. 

In 9 out of the 14 tested patients, the alcoliolemic curve was high, from the be- 
ginning to the end (see fig. 1 and 2). However, in 5 cases the curve was high 
during its final part, while the initial part was of normal height or slightly above 
it. This Iasi Uj-pe of curve n-as for the first time observed in these patients; it is dif- 
ficult to explain this configuration. 

The alcoliolemic curve determined during the allergic reaction was found higher 
than the normal in 2 of our patients, in spite of the fact that they were feverish. 
According to the experiments of the first of us, the RES is hjrperfunctioning when 
the temperature rises and the metabohe rate for the alcohol is found increased 
by 100 %. On the opposite, in another case of chronic urticaria without fever, 
where fever was induced by intravenous injection of typhoid vaccine, the alco- 
holeniic curve taken during the induced fever was much lower than the normal 
Tins means that the condition of the RES is different in cases with continuous 
leier due to the disease and in cases where fever was induced for therapeutic 
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The anti-histaminic drugs do not alter the configuration of the alcoholemic 
curve. We are of the opinion that this should be expected, for these drugs act 
on the histamin-like substances, which again act on the sensitized tissue, not on 
the RES. 

1/2 hour after the administration of the alcohol, the eruption of the urticaria 
started subsiding. Six hours later, the eruption reached again its previous or some- 
times even greater intensity. Is this due to the well-known action of the alcohol 
on the peripheral vessels, or to its action on the histamin-like substances, or to 
the modification of the RBS-reaction? This cannot be answered easily. 

The intoxication caused by the alcohol was of moderate intensity when the 
patients were in allergic reaction. Nevertheless, it was more marked than the one 
observed when the patients were cured from allergy. This can be easily explained, 
since the alcohol metabolism was slowed when the patients were in allergic 
reaction and consequently the central nervous system was under the influence 
of an increased quantity of alcohol. 
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Atrophic Liver Cirrliosis. 
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Tlie participation of tive liver in the alcohol’s metabolism was first demonstrated 
by Fiessinger (1) and his co-workers (1936). The experiments were made on dog 
livers with artificial circulation of oxygenated blood from the same animal. A 
part of the alcohol added to the blood was burned by the liver and its total amount 
was found to bo reduced. In 1937, the Italians Seriani and Lolli (2) checked the 
alcohol’s metabolism by taking the alcoholemic curves in patients with liver 
cirrhosis, after giving them 0.50 cc of alcohol per kg of body weight. Their experi- 
ments were performed in fasting patients and a few days later they were repeated 
1 — 2 hours after a mixed diet’s meal. The curves obtained did not show any dif- 
ference from the normal, if the patients were fasting. Where the curves were 
taken 1 — 2 hours after a meal, the difference from the normal curve was evident. 
In these cases the alcoholemic curve was found higher than the normal (the curves 
taken in healthy individuals after a meal, are known to be 50 — 60 % lower). 
According to the authors, an alcoholemic curve taken after a meal can be used 
to tost the liver’.s function. 

One year later (1938) Ernteman and Heeres (3) published a relative study, 
liaving determined the alcoholemic curves in several patients and in liver diseases 
also; they were administering the alcohol in fasting patients only. These authors 
fo\ind an obviously higher curve, even in cirrhosis, which is contrary to the find- 
ing.s of Seriani a)id LoUi. Unfortunately, Ernteman and Heeres were administering 
such a small quantity of alcohol (0.20 cc, 96”, per Kg of body weight) that the 
configuration of the curves was subject to the inevitable mistakes, that are com- 
mon to every micro-method. According to our experience on the matter, this 
mistake makes tlieir conclusions doubtful 

« Tr'-r’ of >•* polled Iiis experimental 

( , . , i) a smmnary of e-hich is given m tie first part of these series. 
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It ■was demonstrated that alcohol is burned mainly in the reticuloendothelial 
system. At first sight, our findings -were not contrary to those of Seriani and Lolli 
(2). Since the liver cell itself is of no importance to the alcohol’s metabolism, it 
seems reasonable that the alcoholemic curve in fasting cirrhotic patients would 


be almost normal. , ■ r j 

However, our studies on the alcohol’s metabolism in patients with under- 
nutrition showed a higher curve in cachexia due to undernutrition. The curve was 
becoming higher, when cachexia was progressing. The impairment of the alcohol s 
metabolism was even more obvious in patients with oedema due to undernutntion. 
In the oedematic fluid considerable quantities of alcohol were found. These find- 
ings brought up the question, whether the conclusions of Seriani and Lolli were 
corresponding to the facts, being given that the quantity of alcohol in the ascitic 
fluid was not determined. Since the alcohol diffuses froin the circulatmg oo 
into this fluid, there were not many doubts that the subject needed further in- 
vestigation. The results of this investigation are reported here. ^ 

10 patients with liver cirrhosis were used, 7 males and 3 females, a.ge 1 i 
years. 6 oi them died in the Clinic. Probable etiologic factors of the disease were 
thought to be the following: moderate use of alcoholic drinks in 2 cases, abuse 
of drinking in 2, malaria and moderate drinking in 3, malaria only in 1 and none 
in 2. In one case the liver was palpable four fingers below the right costal margm. 
The autopsy of this case showed atrophic liver cirrhosis with two echinococcus 
cysts at the base. The spleen was palpable 3—10 fingers below the e cos 
margin in 9 out of the 10 cases. Ascites was always prominent and we were - 
quently obliged to empty the peritoneal cavity, obtaining by puncture ng amou 
of fluid (7—14 kg). The fluid was proved to be a transudate m all cases. 
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The cases were selected between the cirrhotic patients without any fever, since 
the experiments of the first of us (8) had shown that fever increases the alcohol’s 
metabolism. 0.60 cc of alcohol per kg of body weight were given in the morning, to 
patients fasting for 12 hours. The real body’s weight was considered, after omis- 
sion of the varying weight of the ascitic fluid. The study of the alcohol’s metab- 
olism was done by following the quantity of alcohol in the blood and the ascitic 
fluid: small quantities of blood and fluid were obtained every half hour in the 
beginning and then every one hour, for 4 hours (s. fig. 1 — 10). In 5 of the cases, 
the amount of alcohol given per os was also injected into the peritoneal cavity, 
at least 7 days after the first experiment (s. fig. 11 — 15). 

It should be noticed that the signs of the alcohol intoxication observed in these 
patients were rather mUd; even milder than those observed in healthy individuals. 
On the opposite, in patients with undernutrition the intoxication was more evident 
than in healthy persons receiving the same amount of alcohol. The signs were 
almost unsignificant, when the alcohol was injected into the peritoneal cavity. 
This will be explained below. 

Analysis of the curves. Analysing thereafter the obtained alcoholemic curves, 
we start with these taken when the alcohol was given per os (fig. 1 — 10). Alcohol 
is rapidly absorbed by the gastro-intestinal tract, it enters the circulation and 
disperses into the interstitial fluids of the body, to be absorbed by the cells. The 
height and length of the alcoholemic curve oao depends on the velocity with which 
alcohol is burned in the tissues. Naturally, the alcohol in our cases was also diffused 
into the ascitic fluid, which was always abundant, i. e. over 10 kgs, since our 
punctures were giving 7 — 12 — 14 kgs each time. The quantity of alcohol into the 
peritoneal fluid was shown in curve »b». Nevertheless, the total amount of alcohol 
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the ascitic fluid vas greater, for the quantity of the fluid was twice 
the volume of the blood. If we examine now the aicoholemic cmve alone, we see 
that it is normal in the first 6 cases (fig. 1-6). In our Tth (fig. 7) and 8th (fig. 8) 
e it differs slightlj' from the normal; in the 9th (fig. 9) there is some difference 
the initial height only and not in the duration and the final fall. It was only 
... the iOth case (fig. 10) that the curve was much higher than the normal, in 
its beginning and the end too. Up to this point our findings are the same with 
these of Seriani and Lolli (2). However, the normal or almost normal configuration 
of the curve does not necessarily mean a normal metabobsm of the alcohol, for a 
big amount of it is found into the peritoneal fluid, as curve »b» shows. The amount 
of alcohol in the ascitic fluid gradually increases and 2 hours later (in one case 
earlier, in 2 cases later) it reaches the blood curve, which is meanwhile going down. 
The curves cross each other, and from this point, curve »b» is more or less higher 
than Curve »bi) goes down, that is, the amount of alcohol in the ascitic fluid 
is gradually reduced, since it is gradually absorbed by the peritoneum and either 
given back to the circulating blood in some proportion by the endothelial cells 
of the peritoneum. The percentage of alcohol in the ascitic fluid and consequently 
the height of curve )>bi> will obviously depend on the total amount of this fluid, 
at the time that the experiment was done. On the other side, the vascularisation of 
the peritoneum and its alterations, being different in each patient will naturally 
impair the height and configuration in genera). of curve »b», depending on the 
easier or more difficult diffusion of alcohol from the blood into the peritoneal fluid. 

< mally, the abUity of the reticuloendothelial system in general, to burn the alcohol, 
depends on the seriousness of the patients’ condition and influences the confignra- 

differences from 
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Fig. n. Fig. 12. 

one case to the other, as far as curve »b)) of the first 8 cases is concerned. There is 
a strange and inexplicable peak in the curve »b> of the 9th case, between the 2nd 
and 3rd hour. In the 10th case both curves are going high. This phenomenon 
had been observed by the first of us in experiments on rabbits, and by the first 
and second of us in men during undernutrition; it characterizes a very serious con- 
dition, for it shows the inability of the reticuloendothelial system to burn the al- 
cohol, which means that it is in bad condition. In fact, the patient of this case died 
7 days after the experiment. 

Let us consider now the alcohol’s metabolism after its intraperitoneal administra- 
tion. Curve »b» shows here also the quantity of alcohol per kg of ascitic fluid, 
curve »ai) its quantity in the blood. The alcohol is rapidly absorbed by the perito- 
neum after the injection, and is given to the whole organism by the portal vein 
and the greater circulation; on the other side its metabolism starts in the reticulo- 
endothelial cells of the peritoneum. The prompt fall of curve »b» shows the rapid 
absorption by the peritoneum. It should be noticed that after the first 4 hours, 
only a small amount of alcohol was left in the ascitic fluid and the blood of the 
first two cases (fig. 11 — 15)^, in spite of the fact that the alcohol was injected 
into the peritoneal cavity, the peritoneum rvas not quite normal and there was 
a portal stasis. In the third case (fig. 13) a bigger amount of alcohol is found on 
the fourth hour; it should be kept in mind though, that even at the beginning, in 
the first 30 minutes after the alcohol’s injection, curve »b» is also high enough. 

' Fig. 11 — 15 show the quantitj^ of alcohol in the blood (curve i>a») and the ascitic fluid (curve 
after intraperitoneal administration. As shown in fig, 11 and 12, the alcohol was completely 
metabolized in 4 hours and curves «b> are finally falling. In fig. 13, curve is not quite lalling. 
The fall of curve »b)> is greatly impaired in fig. 14 and 15. Curve »a*) is obviously very low jn all 
these diagrams. 
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In i\w last two oases (fig. 14 and 15} curve »b» stays liigli euougli, even during 
tlic fourth liour. Is tins due to a slowed absorption rate or to an impairment^ of 
the organism’s ability to burn the alcohol? If we follow the fall of curve »b» during 
the first two liours, we will remark that it is normal. It slows down during the last 
two houns. We could conclude out of this, that the absorption is normal but the 
ability of tlie »tired» reticuloendothelial system to burn the alcohol, is affected 
as it iKSually happens in similar ca.scs, when the alcohol is given by mouth. If on 
the opposite, the alisorption is normal and the reticuloendothelial system burns 
the alcohol slowly, why the quantity of alcohol in the blood does irot increase, in 
which case the curves would approach each other? It comes out, therefore, that 
due to unknown factors tlie absorption is normal at the beginning and then it is 
gradually sloAved. 

It is difficult to state, to what extent the local metabolism of the alcohol by 
the endothelial cells of the peritoneum can account for the difference in the con- 
figuration of the curves. It is easily understood on the other side, why the intoxica- 
tion .“^igus were so mild in these patients: the peripheral cells and consequently the 
cerebral colls imbibed the alcohol at a moderate or small degree; a great part 
of it remained in the peritoneum in the first series, when it was given by mouth 
Imt especially in the second series, when injected into the peritonea) cavity. 


Conclusions and Samniary. 

to 'Tith atrophic liver cirrhosis is impaired 

normal “ "'“’“’"S’’ of the curves is usually 
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Fig. 16. 


2. The normal configuration of the alcoholcmic curve, which is usually found, 
is due to the fact that a certain quantity of alcohol diffuses into the ascitic fluid, 
wherefrom it is absorbed by the peritoneum and brought back to the circulating 
blood and through it to the whole organism, to be burned. 

3. A great impairment of the alcohol’s metabolism, leading to high curves 
(as in fig. 10) means an obvious dysfunction of the reticuloendothelial system 
and therefore a pre-mortal condition. 

4. The intraperitoneous injection of alcohol leads to a relatively quick absorption 
and a fall of the curves within 4 hours, like when it is given per os. This does not 
happen always. What hinders the absorption in some of the cases, is not made clear 


from these experiments. _ _ 

5. The diffusion of a certain amount of alcohol into the ascitic fluid and its 
gradual re-entrance from there into the circulation, can account for the ap- 
pearance of intoxication signs that are milder than those expected from the amoun 
of alcohol administered. 
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r F Brom\: Synopsis of Jledical Entomology. Lithoprinted m U. S. A., Ethsard 
■ Brothers, Inc., Ann .irboi.r, Michigan 1953. 219 pp. 136 fig. 

This ov-cellent nncl rcallv needed liook is dedicated to the authors student, s 

.ho are interested in public health .ork and insect 

hook » classification of the arthropoda, contains 31 chapters. 

and deal.s .ith scorpions, spiders, ticks, mites, centipedes, millipedes Crustacea 

— of ivhich many are intermediate hosts of parasitic helmmthes ■— fhes, gnats, 

ino.'quitoes, sand flies, tsetse flies, fleas, lice etc. 

Tlie author is Assistant Professor of Biology at Marquette University and 
former Captain Sn. C.. Medical Department, U. S. Army. He seems to have great 
experience in the field of medical entomology. Especially for medical men prac- 
tising in foreign parts of the ivorld this book is of inestimable value. 

L Holmgren. 


A Ciba Foundation CoUoquia on Endocrinology. Vol. VII. Synthesis and Metabolism 
of Adrenocortical Steroids. J. and A. Churchill, Ltd., London 1953. 297 pp. 
and 29 illustrations. Price 30 s. net. 


The seventh volume of the Ciba Foundation Colloquia on Endocrinology deals 
with two very important aspects of experimental endocrinology that are of 
current interest. Interest in the steroid hormones was aroused in the early Thirties 
11 hen the chemical relationship of the gonadal hormones to the steroids became 
apparent. The biological importance of the steroid hormones was quickly realized 
and much work has been done to elucidate their biochemistry. The dramatic 
resu s m t e relief of rheumatoid arthritis with cortisone, reported by the Mayo 

r bilities of endocrinolog,.. Tie present voinme deals 

steroi* and ih* “te k adrenocortical 
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The first section of the book, consisting of twelve chapters, treats of the syn- 
thesis of adrenocortical steroids from a variety of starting materials. It is beyond 
the scope of the reviewer to give a critical evaluation of this section. The last 
section of the book, consisting of eight chapters dealing with the metabolism of 
the adrenocortical steroids, is of greater interest to biochemists and endocrinol- 
ogists. Five of these chapters report the outstanding work in this field being 
done by Pincus, Hechter, Dorfman and their associates in the biochemical labora- 
tory of the Worcester Foundation at Shrewsbury, Massachusetts. Of special 
interest is the chapter by Hechter in which he gives an account of the attempts 
made to elucidate the biogenesis of the adrenal cortical hormones with radio- 
active cholesterol and other labelled compounds, principally the carbon-2 frag- 
ments. The experiments were carried out on the isolated perfused adrenal and 
liver of different animal species. The author has tentatively constructed a scheme 
of corticosteroidogenesis in which cholesterol is assumed to be the main steroid 
precursor. Furthermore, it is shown that the action of the adrenocorticotrophic 
hormone is on the initial phase of eorticoidogenesis and not on the final phase 
involving the conversion of progesterone into different adrenocortical steroids. 

Also of interest is the outstanding work done by Samuels and Dorfman and 
bis co-workers on a new aspect of steroid biochemistry, the enzyme systems 
involved in adrenocortical steroid metabolism. The chapters by Pincus and his 
co-workers on corticosteroid metabolism in man and by Morris and his associates 
on the estimation of the individual adrenocortical hormones in the human periph- 
eral blood will be of interest to research workers in clinical endocrinology. 

On the whole the book is of little help to the clinician, but to all interested in 
the expanding field of experimental endocrinology it will be of great value. Im- 
portant advances in this fundamental field can be expected within the next few 
years. 


Rolf Lufl. 
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